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PREFACE 


THE PURPOSE of this study is essentially twofold; to provide factual 
information concerning the changing market for energy in Canada and, 
at the same time, to explore the possibilities which further development 
of the nation’s fuel and power resources hold out for the rest of the 
economy. 


Although numerous articles have been written about individual com- 
modities—coal, oil, natural gas and hydro-electricity—few attempts have 
as yet been made to discuss energy and its implications in broad, economic 
terms. By describing, in a general way, the multiplicity of demands which 
the nation’s fuel and power industries serve and, at the same time, attempt- 
ing to highlight some of the more significant effects which future develop- 
ments in this field are likely to have upon this country’s internal and external 
trade, we have made a start in this direction. It is hoped that in reading this 
report others will be encouraged to study, and subsequently express their 
own views upon, this rapidly changing segment of the Canadian economy. 


Most of the information has been collected and analyzed over the past 
18 months. Individuals in industry and company research departments 
have been approached with a view to obtaining relevant data and expres- 
sions of expert opinion. Interested government departments, Crown com- 
panies, specially constituted boards and other public agencies have also 
been contacted with this end in view. The willingness and care with which 
these tasks have been undertaken have not only kept our own staff work 
to a minimum but also added materially to the substance of this report. 


A number of people have been engaged, full or part time, in its prepara- 
tion. Mr. S. W. Clarkson has been responsible for the analysis and 
presentation of much of the statistical information upon which this study 
is based. Mr. J. P. Lounsbury and Mr. E. C. J. Westbrook have contributed 
supporting memoranda dealing with regional and national trends in energy 
consumption. Mr. R. B. Toombs, besides editing certain technical sections 
has concerned himself with cost comparisons and the financing of the oil 
and gas industries in Canada. The charts and other illustrations were drawn 
by Mr. D. C. Johnson. 


Others—all of them prominent men and authorities in their fields— 
have been consulted. Usually they were asked to read parts of the study 
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in its near to final form and to provide the Commission’s staff with editorial 
comment. In so far as possible their views were therefore taken into 
account in preparing the final text. Among those who contributed in this 
way were: General A. G. L. McNaughton, Chairman of the Canadian 
Section of the International Joint Commission; Mr. N. B. Guyol, formerly 
of the United Nations Secretariat; Paul W. McGann, Chief Economist, 
United States Bureau of Mines; Sam H. Schurr, Director, Energy and 
Mineral Resource Studies, Resources For the Future, Inc., Washington; 
Philip Mullenbach, Director of Research, Project on the Productive Uses 
of Nuclear Energy, National Planning Association, Washington; Dr. G. H. 
Daniel, Under-Secretary of the United Kingdom Ministry of Power; W. J. 
Bennett, President, Atomic Energy of Canada Limited; Dr. R. L. Hearn, 
formerly Chairman of the Ontario Hydro Electric Commission; Mr. G. L. 
Knox, formerly President of the Canadian Petroleum Association and Dr. 
G. S. Hume, formerly Director-General of Scientific Surveys, Department 
of Mines and Technical Surveys, Ottawa. 


This Commission, I know, would also like to express its appreciation 
for the considerable interest shown and assistance given by numerous 
others including Mr. S. Dorst, Mr. N. B. Hutcheon, Mr. W. S. Preston, 
Mr. R. M. Crockett, Mr. C. L. O’Brian, Dr. W. B. Lewis and Mr. R. J. 
Loosmore, with a view to improving both the factual content and readability 
of this report. 

John Davis 
Ottawa, 
January, 1957 


SUMMARY 


WHILE there appears to be a close and continuing relationship between 
energy consumption and economic growth, it does not necessarily follow 
that an abundance of energy resources will result in a high level of economic 
activity. With few exceptions, countries reporting a high per capita usage 
are among the most productive. Putting energy to work intensively, they 
are also the ones enjoying the highest standard of living. Many of the 
world’s fuel and power exporting regions, on the other hand, are well down 
the income scale. 


The conditions under which energy is made available are themselves 
among the major determinants of consumption. Continuity of service is 
vital. Qualitative considerations, while less important than they were, are 
also essential to the launching of certain types of economic activity. A 
ready supply of coking coal is required for the production of steel. Natural 
gas is preferred in certain applications where cleanliness and ease of control 
are important. Energy in the form of electricity is in demand in a growing 
number of electro-chemical and electro-metallurgical plants. Price, in that 
it is often a reflection of the scale on which major new projects are launched, 
is also a significant factor influencing industrial location. 


Canadian experience, in some ways, is unique. Few other countries 
spend more of their income on fuel and power. Total outlays on this 
account are presently in the order of 10% of the nation’s total output of 
goods and services. The corresponding figure for the United States has for 
many years ranged between 6% and 7%. The quantities of energy used in 
both countries are about the same per unit of Gross National Product 
(G.N.P.). The difference, therefore, is primarily one of price. Even now 
consumers in this country are paying up to 50% more for their energy 
than consumers in the United States. 


There is some evidence that the gap is narrowing. Fuel costs are falling 
throughout western Canada. Also further economies in transportation 
promise to reduce the market price differentials which have traditionally 
existed between eastern Canada and most other fuel consuming areas on 
the North American continent. Though this tendency may to some extent 
be offset by increased consumption in the more energy intensive sectors of 
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the economy, outlays on fuel and power may be down between 10% and 
20%, i.e. to between 8% and 9% of Canadian G.N.P., in 1980. 


Meanwhile the demand for energy, as measured in physical terms (such 
as British thermal units or tons of coal equivalent), is expected to rise at 
a rate somewhat less than that of the nation’s total output of goods and 
services. Should the Commission’s forecast rate for the growth of G.N.P. 
of 4.5% compounded annually be realized, energy consumption in this 
country may be expected to rise at a yearly rate of closer to 4%. The 
former may approximately treble over the next quarter century. During 
the same period Canada’s total requirements for coal, oil, natural gas, 
fuelwood, hydro-electric and nuclear energy may rise to approximately 2.8 
times its present level. 


During the period between now and 1980 the strongest demand will 
come from the industrial sector. Manufacturing, and especially primary 
manufacturing, may lead the way. The amount of energy devoted to 
industrial purposes may rise from less than 23% to well over one-quarter 
of the total during the next two to three decades. The amount of energy 
used up in energy production and conversion may mount from around 
9% to over 12%. Non-fuel uses, including the production of petrochemicals 
and metallurgical coke, may also show a relative increase. Meanwhile the 
quantities devoted to transportation and space heating may fall relative to 
total Canadian consumption. 


The Changing Pattern of Energy Use 


(each use as a percentage of total energy consumed) 


Consumption Sector 1926 1953 1980 
Energy industries al 9 14 
Manufacturing and mining 18 23 29 
Residential and commercial 37 30 21 
Transportation 29 29 26 
Non-fuel uses 3 5 8 
Other (waste and unaccounted for) 6 4 2 

Total 100 100 100 


Varying as to end use, these new requirements also call for a greater 
contribution to be made by the liquid fuels. Twenty-five years from now, 
oil and natural gas together may supply about 70% of Canada’s total 
energy needs. The contribution made by water power may remain relatively 
unchanged; that of coal and fuel wood decline. Depending upon further 
advances in technology, nuclear power plants might also supply 2% or 
more of the total in the form of electricity and process heat a quarter of 
a century from now. 
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Canada’s Changing Energy Supply 


(each source as percentage of total energy) 


Energy source 1926 1953 1980 
Coal 69 39 16 
Petroleum 10 42 45 
Natural gas*® 2 4 De 
Wood 16 a 1 
Water power? ) 8 11 
Nuclear energy” — — 2 

Total 100 100 100 


“Including natural gas liquids. 
»Measured in terms of its contribution as electricity. 


Expressed in quantitative terms, a somewhat different picture emerges. 
The contribution of natural gas may rise eighteen fold; water power four 
times; oil, more than three times and coal, though down relatively, may still 
be up by as much as one-third on a tonnage basis. (See accompanying 
chart: Canada’s Changing Energy Requirements. ) 


CANADA’S CHANGING ENERGY REQUIREMENTS 


THE CHANGING MIX 


3007 MILLION TONS COAL EQUIVALENT 


TOTAL 
ENERGY 
Up 3 times 


OIL 
Up 3.3 times 


100 GAS 


Up 18 times 


COAL 


Up 1.3 times WATER 


POWER 
Up 4.1 times 


ALL OTHERS * 
Up 1.4 times 


: BeBe : 
1953 1980 1953 1980 1953 1980 1953 1980 1953 1980 1953 1980 


*WOOD AND NUCLEAR ENERGY 


Of Canada’s growing coal needs, well over one-half will be required for 
the generation of electricity in Southern Ontario. This additional energy 
will have to come from the United States. Much of the demand for crude 
oil and imported products in Quebec and the Atlantic region will doubtless 
be met by shipments from the United States, the Caribbean area and, to 
a lesser extent, from the Middle East. On the other hand, most if not all 
of the nation’s increased consumption of natural gas and hydro-electric 
power will be met from sources indigenous to this country. 
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The contribution of wood as a fuel will constantly diminish. Nuclear 
energy, meanwhile, may appear on a commercial scale, the first plants 
being built to produce electricity in South Ontario and possibly the Mari- 
times and Southern Manitoba. Like hydro-electric power, nuclear energy 
can be put to work more efficiently than can the liquid fuels or coal. Its 
effective contribution, in other words, will be somewhat larger than the 2% 
supply figure indicated above. Twenty-five years from now water power 
may (after due allowance has been made for transmission, transportation 
and utilization losses) meet over 20% of the nation’s energy needs. Nuclear 
power plants could provide 4% or 5% of the energy actually emerging as 
effective work in 1980. 


It may be that unforeseen technological advances could make nuclear 
produced electricity competitive at an earlier date than that envisaged 
here. Yet Canada is endowed with other forms of energy which in most 
areas are both plentiful and relatively inexpensive to develop. Other 
countries including the United Kingdom, Western Germany and Japan 
are in a less fortunate position and consequently nuclear energy will tend 
to be developed more rapidly there. Because it will become competitive 
at a later date on this continent, generating plants utilizing this novel 
source of power for commercial purposes may not be built in large numbers 
until 1970 or later. In the body of this report it is suggested that one out 
of every three kilowatts of new generating capacity under construction in 
1980 will be of the nuclear variety. 


The energy industries are becoming increasingly capital intensive. For 
this reason, and because their output is expanding much more rapidly 
than that of the rest of the economy, they will be responsible for a growing 
proportion of new investment in Canada. Outlays by firms engaged in 
the discovery, production, transportation, processing and marketing of 
energy presently account for $1 out of every $7 being spent on the creation 
of new physical assets in this country. Twenty-five years from now the 
proportion may be more in the order of $1 out of every $4 invested in the 
development of new resources and in the purchase of new plant and equip- 
ment in Canada. 


Canada has never been self-sufficient with respect to energy. As recently 
as 1950 imports accounted for approximately two-thirds of the nation’s 
fuel needs. Purchases abroad involved an expenditure of foreign exchange 
of $438 million in 1955. Because Canadian produced oil and natural gas 
may be used more extensively, this country’s dependence on external 
sources of supply may be reduced to something like 25% of the nation’s 
over-all requirements in 1980. Exports, by then, may exceed imports by 
a ratio of two to one. Sales of crude oil, natural gas and electricity, princi- 
pally in the United States, might then exceed the value of imported coal, 
petroleum and electricity by about $1 billion. Negligible as late as 1955, 
sales elsewhere could account for between 15% and 20% of Canada’s 
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total commodity exports in 1980. Fuel imports, meanwhile, may decline 
to around 10% of the value of all goods bought outside the country. (See 
chart: Canadian Fuel Production Prospects to 1980.) 


CANADIAN FUEL PRODUCTION PROSPECTS TO 1980 
MILLION TONS COAL EQUIVALENT 


EACH FUEL AS A PER CENT OF TOTAL PRODUCTION 


fis. a] 


0 
1925 1935 945 1955 1980 


EXPORTS: 


A complete accounting of Canada’s balance of payments with respect to 
energy also involves allowances for purchases elsewhere of machinery and 
equipment and payments to non-residents in the form of interest and 
dividends on foreign capital invested in this country. Though the Canadian 
content of the fuel and power industries’ investment programme will increase 
and Canadian investor participation, with respect to oil and natural gas, 
could become relatively more important, it is unlikely that the $1 billion 
surplus on energy commodity account will be more than sufficient to offset 
a rise in these accompanying demands for foreign exchange during the 
forecast period under review. 


Employment in the nation’s energy industries is forecast as rising from 
157 thousand in 1955 to between 350 thousand and 400 thousand in 1980. 
Relative to the nation’s total employed labour force this also means an 
increase from around 3% to closer to 4% of Canadians with jobs 25 
years from now. 
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As far as new job opportunities are concerned, the greatest gains will 
occur in processing, distribution and marketing; in other words, in circum- 
stances where the markets to be served are primarily Canadian. Activity 
generated by the nation’s growing export trade in crude oil and natural gas, 
since it will be confined essentially to exploration and development, will be 
modest by comparison. Fewer than 30 thousand Canadians will be directly 
employed in those phases of fuel and power production and transportation 
which are primarily export oriented. 


One of the more comprehensive, and possibly the most descriptive 
measures of expansion is value of output. Including production for export 
it will soon approach and eventually exceed expenditures on consumption. 
The combined value of output of the various energy industries in Canada 
was equivalent to about 7% of the nation’s total production of goods and 
services in 1955. An aggregation of the accompanying forecasts indicates 
that their gross value of production may be approximately 13% of the 
nation’s G.N.P. in 1980. 


With the exception of water power no serious supply problems are likely 
to be encountered. Yet, because (a) the energy producing section is grow- 
ing much more rapidly than the rest of the economy; (b) because 
Canadian produced fuel and power will be entering into international trade 
on a large scale; and (c) the newer energy commodities are more subject 
to long-term contracts and government regulation, this complex area of 
industrial development is likely to become of increasing interest to the 
Canadian public as the years go by. 


SUMMARY 


(‘vopanpord Jo %Z Inoqe ‘a'z) ‘OSGI UI Ieak Jad sinoy-33eMO]TY VOTTIG CO] 
O8G6I UI Ievad v sjalreq JO SpuesnoYy) CC 


sizoduiy snujur sitodxa ‘az ‘epeurd jo Ino WoUFaAOU ION y 
sijodur snuyur s}J0dxa *a'z ‘epeuey JO INO JWeWaAOW IdNjs 
‘sploo jo suoTT]IU ur poo‘; 

“sINOY-NLMOTL] JO SUOTTIIG UI sadInos [je Wor AWIIIIDI Ts 
‘Aep B& sjajieq JO spuvsnoyi UI sprnbiy se# yemmIeN{p 
‘JooJ¥ DIQND JO suOoTT]Iq UI ses j[emmepy, 

‘Aep & Ssjarieq JO spuvsnoyi uy ‘s}onpord Asouyar Surpnpur ‘wmeyosadq 
*suol JJOYSs JO suUOT]IU UT ‘oIUSIT SuUIpNyIUT ‘[vODy 


—__ SS SS 


It ll 


€ iE 44 Eye 617 6 0007 88I 006‘T 1g9 v9 VE uonduinsuod 

— mg ( v ( ‘30u OO00T ce! 009°T br ¢ 90 syodxg 
( ( 
uOl ‘Bou ass ( 

= == ( ( c es IT 00s Ive 6r 0z s}iodwy 
( ( 

€ iC OLY 18 VLE 9 OO0E 061 000°€ pSe 0x6 SI uolrjonpold 

Os6r Sc6l 0861 Sc6l 0861 SS6I 0861 Sc61 0861 SS6I O86T Sc6T 
yPOOM ADIT | pspmby ses jeimjen 9ses [emjen qumajonag 2[v09 


O86l GNV SS6L 
Jdval GNV NOILdWNSNOD ‘NOILDNdOwd 
VAVNV)O NI ADYANA 
T 91991 


ROYAL COMMISSION ON CANADA’S ECONOMIC PROSPECTS 


(Table 1 cont'd.) 


(A) Energy Reserves in Canada 


Petroleum Year-end 1955 2500 million barrels 
Year-end 1980 13000 million barrels 
Natural gas Year-end 1955 20 trillion cubic feet 
Year-end 1980 70-120 trillion cubic feet 
Natural gas liquids 
Year-end 1955 250 million barrels 
Year-end 1980 4-5000 million barrels 


(B) Generating Capacity in Canada 


(millions of kilowatts) 


1955 1980 
Hydro 13.1 49 
Thermal 2.0 21 
Nuclear — 6 
Total Seu 76 


(C) Total Energy Consumption, Canada 


1955 1980 

Millions tons coal equivalent/year 108 300 

10” B.t.u.’s/year 2900 8100 
Table 2 


RELATIVE IMPORTANCE OF INDIVIDUAL SOURCES 
OF FUEL AND POWER AND THEIR EFFECTIVE 
CONTRIBUTION TO THE NATIONAL ECONOMY 


(1953 and 1980) 


Percent of all energy put to effective use 


Coal* Oil Natural Wood Water Nuclear Total 

gas? power energy 
1953 32 39 5 5 19 —_ 100 
1980 13 34 DS) 1 23 4 100 


"Including coke, manufactured gas and electricty produced from coal and lignite. 
>Including the natural gas liquids. 
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Table 3 
ESTIMATED VALUE OF PRODUCTION OF 
CANADA’S FUEL AND POWER INDUSTRIES 
(1955 and 1980) 
Value in $ millions? 
Coal Oil All Percent 
wood, and Electric energy Equivalent 
etc.” gas° power? industries G.N.P. 
1955 215 1,070 600 1,885 u 
1980 300 6,700 3,250 10,250 13 
aExpressed in 1955 constant dollars. 
‘Including the production of coke and manufactured gas and wholesale and retail marketing. 
» transportation, processing, distribution and marketing. 


‘Including exploration and development 


WJncluding an allowance for production in industries generating electricity for their own use. 


Table 4 
ESTIMATED EMPLOYMENT IN 
CANADA’S FUEL AND POWER INDUSTRIES 
(1955 and 1980) 
Employment in thousands of persons with jobs 

Coal, Oil All Percent of 

wood, and Electric energy National All 

etc.* gas? power‘ industries total industry? 
1955 60 63 34 57 3 q 
1980 30 IAG) 120 367 4 9 


®Excluding transportation but including an allowance for distribution and marketing. 
>Including exploration and development, transportation, processing, distribution and marketing. 
‘Including an allowance for employment in industries producing power for own use. 
4Mining, manufacturing, utilities and wholesale and retail trade only, 


Table 5 
ESTIMATED VALUE OF NEW INVESTMENT IN 
CANADA’‘S FUEL AND POWER INDUSTRIES 
(1955 and 1980) 
Value in $ millions 
Coal, Oil All Percent of 
wood, and Electric energy National All 
etc.” gas° power? industries total industry® 
1955 11 494 425 930 14 29 
1980 32 2,718 2,050 4,800 25 40 


"In constant 1955 dollars, < 
>Excluding transportation, distribution and marketing. 4 ad : ) 
‘Including exploration, distribution, development, production, transmission, refining and marketing. 


WFncluding allowance for investment of firms generating electricity primarily for own use. 
°Total Canadian investment exclusive of government and housing. 
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Table 6 
ESTIMATED VALUE OF TRADE 


IN FUELS AND ELECTRICITY 
CANADA, 1955 AND 1980 


Value in $ millions# 


Imports” Exports° 
$ millions Percent $ millions Percent 
of total of total 
1955 497 10.9 58 1.4 
1980 1,050 10.0 1,850 16.9 


aIn constant 1955 dollars. 
>Valued at point of entry. 
¢Valued 


at source; i.e. excludes value added by transportation in Canada. Were allowance to 
ay sande ace this service the value of energy exports in 1980 might be in the order of 
2 million. 


b-cTrade in each case refers to commodity trade only. 


PART A 


ENERGY AND ECONOMIC DEVELOPMENT 


GENERAL INTRODUCTION 


ENERGY and industry, industry and energy—to many people, and par- 
ticularly those concerned with the beneficial results of industrialization, 
these terms are synonymous. In some ways they are right, for it is inanimate 
energy in one form or another which lights the factories, generates the 
steam, melts the metals and turns the wheels of industry, thereby multi- 
plying man’s own puny efforts many times over. Then, too, it is the appli- 
cation of energy in the fields of electronics and electro-chemistry which is 
helping, more than anything else, to revolutionize the way in which industry 
is organized. Small wonder that the related questions of availability and 
cost in so far as they apply to fuel and power, have attracted a great deal of 
attention among engineers, plant managers and company executives 
everywhere. 


Yet a ready supply of energy has even wider ramifications. Its bene- 
ficial effects are by no means confined to the primary processing and 
more advanced stages of manufacturing. Tertiary activities, and this in- 
cludes the trades and services, are influenced by the quality, price and 
other conditions of its availability as well. So much so, that some econo- 
mists are tempted to use the statistics relating to over-all energy consump- 
tion as a rough criterion of the material well-being and progress of the 
individual countries with which they are concerned.! 


Whether some such correlation has any validity or not, this much is 
certain: the energy component of the materials stream has been growing 
relatively as well as absolutely. Most economies, as they have developed, 
have devoted a smaller and smaller proportion of their national income to 
the purchase of raw materials. Energy, however, being required at all 
stages—primary, secondary and tertiary—has moved upward more or less 
in line with, and sometimes ahead of, each nation’s total output of goods 
and services. 


See for example S. D. Zagaroff, National Income and General Productivity in Terms 
of Energy: Schweizerishe Zeitschrift fur Volkswirschaft and Statistik, Basal, March, 
1955. 
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Put another way, heat, light, and power are in universal demand. Hence, 
as each stage of fabrication and servicing becomes more elaborate, so 
over-all requirements of energy tend also to increase. Consumption of food, 
wood products, most metals and the majority of industrial minerals is 
falling behind. But energy, the use of which is spreading and deepening 
throughout each and every sector of the economy, escapes this limitation. 
In most countries, it has been found to mount more rapidly than popula- 
tion. Usually, its growth rate is found to approach and occasionally exceed 
that normally associated with G.N.P. 


One of the main characteristics of energy use has been the increasing 
efficiency with which it has been put to work. Better equipment is con- 
tinually being devised for purposes of its production, transportation and 
consumption. All this requires capital. Indeed, the investment require- 
ments of some of the more advanced economies are such as to rival those 
of such major sectors as secondary manufacturing and housing. The main 
contribution of these facilities, once they are in place, is to effect a saving 
in salaries and wages. Employment in the fuel and power industries is 
not only small measured alongside other industries but, in some of the more 
resource-rich economies, it is even on the decline. Energy, through 
extensive programmes of capital investment has, in this way, made possible 
the remarkable improvements in productivity which have been achieved in 
many countries over the past half century. 


Nowhere more than in North America has the utilization of energy 
assumed greater significance in this regard. Rarely has technology— 
manifest in a variety of energy-using machines—made more rapid strides. 
And in few countries has consumption, both over-all and per capita, reached 
the levels which have been encountered on this continent. 


Climatic conditions, great distances, and a shortage of people have each 
presented obstacles to increased economic activity which, otherwise, could 
only have been slowly overcome—if, indeed, they had been overcome at 
all. Resources of fuel and water power there were in abundance. But at 
the outset they had little, if any, commercial value. First man had to learn 
how to put them to work. Then, it became a matter of relative costs in 
order to make the most effective use of the various forms of energy which 
were available. 


Now, desirous of avoiding the cost and other dislocations which may 
come about as a result of the progressive exhaustion of the more accessible 
reserves of fossil fuels, the related questions of adaptability and price are 
coming more to the fore. Distance is less of an obstacle. Along with 
greater transportability, the areas of competition of the “newer” forms of 
fuel and power have been expanding; frequently overlapping. Having 
shifted from the local to the regional, and from the regional to the national, 
they now promise to become truly international in scope. 
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Worldwide comparisons are often invidious; sometimes meaningless. 
Yet, where energy is concerned, there is much to be learned by comparing 
the consumption levels and consumption patterns of different countries. 
In many of the so-called underdeveloped parts of the world, all but a very 
small fraction of the fuel is used up in catering to the barest of human 
wants—that of cooking and keeping people warm.” 


In many western European countries, and to an even greater extent on 
this continent, industry is the main consumer. Manufacturing and transpor- 
tation together account for over one-half of the total. Even when we 
include the other service industries, we find that, in the more advanced 
countries, the needs associated with every day living are not only small 
but diminishing relative to total requirements—a trend which can usually 
be taken as reflecting a rising standard of living. 


At one end of the consumption scale, we find the energy-rich and more 
highly industrialized countries like Canada and the United States. Then, 
more or less in order, come the United Kingdom, several other countries 
in Western Europe, Australia and New Zealand. At the other extreme—and 
this applies to as much as three-quarters of the world’s total population— 
we find a situation similar to that which prevailed hundreds of years ago. 


Discrepancies there have always been, but in recent years they have 
become accentuated. More than anything else they throw into vivid relief 
the differences which exist between the relatively low standard of living 
of many of the world’s people as compared with a fortunate few. Some- 
times an inadequacy of resources has been the cause. More often, and 
especially in recent years, it has been due to a lack of technical know-how 
and a chronic shortage of capital—both ingredients which the utilization 
of energy calls for in unprecedented amounts. Eventually, these difficulties 
may be overcome. As and when they do we shall witness an equally strong 
though perhaps delayed upsurge in demand in the less highly industrialized 
parts of the world. Meanwhile, those nations which are well supplied with 
the liquid and nuclear fuels will continue to expand their trade in these 
more transportable forms of energy. 


To future generations, the history of man’s utilization of the more ex- 
haustible forms of energy may appear to be divided into several great 
periods or ages. First would come the great span of time in which he was 
dependent on fuelwood and, to a lesser extent, upon agricultural wastes. 
This was the case until well into the 19th century. Next would come the 
era in which coal dominated the industrial scene—that is, up until after 
World War I. And, finally, would come the period in which the liquid 


It is estimated that in countries like India and China 90% or more of fuel used is 
utilized in this way. Less than 5% is consumed in industry. 

%Canada and the United States together, with a little more than 10% of the free 
world’s population, now account for over one-half of its total energy usage. 
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fuels—petroleum and natural gas—supplied the majority of man’s energy 
needs. Though the lasting supply of these latter types of fuel is still open 
to question, present indications are that they will continue to play a major 
role throughout the remainder of the present century. 


Eventually, other forms of energy will also become available. Nuclear 
power will undoubtedly make a growing contribution by way of the produc- 
tion of electricity. Solar energy, directly or in the form of chemicals 
produced from special agricultural crops, may also make a significant 
contribution in supplying process heat and driving transportation equip- 
ment. Eventually, one of these potential sources of energy may come to 
dominate the rest but all we can be sure of at present is that they, like the 
crude oil and natural gas which have been introduced in more recent times, 
will supplement rather than displace in their entirety the older and better 
known sources of fuel and power. 


Mankind, as we have seen, is now living in the third of these great ages 
—the age of the petroleum fuels—and one which, if our figures or oil 
consumption are any indication, may also be of limited duration. Statisti- 
cians are fond of pointing to the fact that, on this continent, we have less 
than 15 years of proven oil production in sight; that our known reserves 
of natural gas, which have been declining in relation to consumption, now 
amount to less than 25 years supply; and that North America’s established 
water power resources, if they continue to be harnessed at their present 
annual rate, will all have been put to work by 1980. 


This is an unduly pessimistic way of looking at the problem. Further 
discoveries of fossil fuels will doubtless be made. These must be allowed 
for in any reasonable appraisal of future prospects. Also, with further 
improvements in construction techniques, with a better knowledge of run- 
offs and topography, and with better river regulation, this continent’s hydro 
resources will be found to be much greater than our presently measured 
potential. Yet, fuel depletion in some areas and the growing difficulty of 
obtaining quantity production in others are bound to impose penalties, the 
cumulative effects of which cannot be entirely offset by further improve- 
ments in technology, by the relocation of industry, or by the progressive 
introduction of entirely new sources of fuel and power. 


We can learn a good deal from an examination of long-term trends in 
production costs. By and large, they have been moving upward. Within 
the past half century, that of fuel wood has risen sharply. The cost of 
mining anthracite and the bituminous coals has gone up steadily. So, in 
recent years, have the exploration and development outlays involved in the 
finding of each additional barrel of crude oil. Only in the the case of natural 
gas and hydro-electricity has cost as measured by real prices* received at 


“Real prices differ from current prices in that the effect of inflation is removed. The 
real price of a given commodity moves up if it rises relative to other goods and 
services; down if it falls relative to the price of other things. 
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the source shown a long-run tendency to decline. In this respect even these 
highly desirable forms of energy have shown a tendency to reverse them- 
selves within the past decade. 


Yet, to confine our attention to the conditions of production is to ignore 
the significant economies which have been effected in transportation, in 
processing, in distribution, and at the level of ultimate consumption. With 
the advent of the pipeline, the super-tanker and the high voltage trans- 
mission line, outlays on transportation have been falling. In most cases, 
they have more than made up for the need to carry the newer and 
more transportable fuels over greater distances to their principal areas of 
consumption. Distribution costs have gone down as the volume of energy 
has increased. And, on top of all this, we have witnessed the introduc- 
tion of more efficient fuel burning and power using equipment. As a result 
of all these improvements, the average industrial consumer has been paying 
less, and the ordinary commercial establishment and home-owner much 
less, for each unit of energy which he has put to effective use. This more 
than anything else, accounts for the fact that their total outlays on energy, 
measured in relation to other expenditures, have shown little change from 
one decade to the next. 


Like most statements of a general nature, the foregoing does not neces- 
sarily apply at all times and in all places. In the older source areas, and 
particularly those in which coal has long been the principal source of supply, 
resource depletion has resulted in cost increases at the production level 
which, though reduced by improvements in transportation and by the 
betterment of conversion and utilization efficiencies, have become such as 
to set an upper limit on a number of lines of economic activity. This 
has been happening in the United Kingdom and in other parts of Western 
Europe. It has also been taking place in some of the older oil and gas 
producing areas of the United States. The harmful effects there have not 
been so apparent in secondary manufacturing and the trades and services, 
for their outlays on energy are small in relation to their other expenditures. 
But they are bound to inhibit the growth of the materials processing indus- 
tries the great majority of which are dependent upon (and indeed may 
even have been made possible by) the progressive lowering of fuel and 
power costs in other and sometimes more fortunate parts of the world. 


Canada, being a country whose economy is dependent to a much greater 
extent than most upon these latter types of industry, is necessarily con- 
cerned about the questions of future supply and price. Yet, there are 
related and, perhaps, even more urgent reasons for placing Canadian 
energy developments in their proper North American and world per- 
spectives. 


Until recently, the more populous regions of this country have been 
fuel deficient; they have been dependent upon imports; and they have 
been among the highest cost coal, and gas consuming areas in North 
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America. Only in the case of hydro-electric power have they enjoyed a 
competive cost advantage over other parts of the continent. Now, with the 
discovery of substantial reserves of oil and natural gas on the Prairies, 
some of these disadvantages have been removed. Western Canada, at least, 
can look forward to an era of industrial development in which most types of 
fuel and power are available in quantity and at low prices. 


Meanwhile, various deficiencies in respect to oil, natural gas and water 
power are developing in adjoining areas of the United States. Because of 
this, there will be a growing opportunity for producers in western Canada 
to export these fuels, electricity and stored water into the Pacific northwest 
and middle west United States. In time California and the northeastern 
states may also provide major outlets for Canadian energy. 


These opportunities, together with the added impetus which a continental 
approach to energy matters would provide to exploration and development 
must, necessarily, be weighed against other considerations which are 
more narrowly national in character. The growing energy needs of 
Canada’s other extractive and resource processing industries must be served 
and served adequately. The continuing need to import coal and oil into 
eastern Canada must be taken into account. And, besides, there is the 
tendency, particularly in the natural gas and electric power industries, for 
the operations of utilities on both sides of the International Boundary to 
become even more closely integrated. Resources are already being com- 
mitted long-term contracts written and prices set in the expectation that 
these interregional and international movements will be perpetuated by 
government consent and regulation. 


All these are matters which call for a thorough understanding of the 
relationship between energy consumption and economic growth. Being to 
a large extent interdependent, they also call for a consistent policy in respect 
to Canada’s international trade in fuel and power. It is with this in mind 
that the following sections dealing with availability, costs and prospective 
patterns of use have been written. 
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General 


Canada’s industrial expansion in the 20th century can be interpreted 
not only in monetary terms but also by listing the ever increasing quantities 
of energy being put to use on the nation’s farms, in its mines, stores, and 
factories, and in its homes. With the labour force today only little more 
than twice as large as that of 50 years ago but with better equipment, 
improved techniques, and—more significant still—with the help of about 
five times as much energy, the Canadian economy is turning out about six 
times as many goods and services as it was producing in 1900. 


Scarcely a field of endeavour but has benefited in one way or another 
from the increased availability of fuel and power. Today a farmer with 
power-driven equipment can harvest 30 acres of wheat for every acre he 
could have reaped a century ago, using hand tools. Each paper mill operator 
is turning out ten times as much newsprint as his forebears did around the 
turn of the century. To raise a ton of ore, the average miner took about two 
hours as recently as 1930, less than 50 minutes in 1955. Distance has 
become less of a handicap. On the railways, the latest diesel electric loco- 
motive is capable of doing five times as much work as its steam driven 
counterpart at the end of World War II. Space heating costs, relative to 
other consumer expenditures, have been steadily declining. Interesting 
parallels can also be drawn in other lines of activity, and everywhere the 
Story is the same. An ever growing supply, a wider range of choice and 
the continual adoption of more efficient energy-consuming equipment have 
brought about a corresponding saving in time, effort and money. 


Elsewhere, much the same sort of thing has been happening. Only the 
timing has been different. In the United Kingdom where the Industrial 
Revolution had its beginnings, indigenous supplies, first of wood and then 
of good quality coal, were the mainspring which attracted industry and 
upon which industry grew. Extensive coal deposits were the principal reason 
for the early pre-eminence of the famous Ruhr Valley in Western Germany. 
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In the northeastern United States, it was this easily won coal, accompanied 
in later years by an influx of oil and natural gas, which set the stage for 
the growth of the most complex, and at the same time the most dynamic 
industrial heartland which the world has ever known. 


If it were possible to give a full account of the more important develop- 
ments in the realm of energy usage from the time the first steam engine was 
invented down to the middle of the 20th century, the story would resemble 
the fantastic. Two hundred years ago, only a few million tons of coal 
were mined yearly as compared with over a billion and a half tons today. 
Little, if any, oil was produced before 1850 as compared with nearly four 
billion barrels a year at the present time. The first hydro-electric power 
station was built as recently as 1882, whereas today the world’s annual out- 
put of water power based electricity can be measured in trillions of kilowatt- 
hours. And natural gas, despite references which can be traced back into 
ancient history, is a relative newcomer and one whose large scale applica- 
tions are still confined largely to the North American continent. 


What, one might reasonably ask, are some of the underlying factors 
responsible for this tremendous upsurge in the demand for energy? There 
can be no denying the fact that the introduction of each new piece of 
equipment has augmented the demand for energy. This need for more 
fuel, in turn, has called still more machinery and equipment into play. The 
effect has been cumulative, and energy, the common ingredient of all these 
activities, has gone on compounding both as to supply and demand. 


That there is a close relationship between energy consumption and 
economic growth has been known for a long time. It has been apparent 
in the relatively high rates of usage common to the wealthier countries 
and it has been reflected in the near parallelism which exists between the 
mounting quantities of energy used and national income in others. (See 
accompanying chart entitled Energy Consumption vs National Income, 
1952.) More recently it has been shown that long-run changes in industrial 
output and fuel consumption are also closely related one to the other. (See 
accompanying chart: Changes in Primary Fuel Consumption and Manu- 
facturing Production 1929-55.) There are strong grounds, therefore, for 
taking the statistics on energy consumption to be a quantitative measure of 
economic progress. 


Once having said that these relationships exist, one must hasten to add 
that they are not everywhere apparent. They are frequently obscured by 
various factors—factors including the use of non-commercial? (and there- 


*A recent examination of the relationship between energy consumption and economic 
growth suggests that, for the world as a whole, each 2% increase in energy consump- 
tion has been accompanied by a 3% per annum rise in industrial output. (See The 
World's Needs for a New Source of Energy by E. A. G. Robinson and G. H. Daniel, 
Geneva Conference on the Peaceful Uses of Atomic Energy, Geneva, 1955.) 
“i.e. fuel wood, wood wastes, agricultural materials and animal muscle power. 
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fore not adequately recorded) sources of energy; changes in efficiency due 
to the switching from one type of fuel or power to another; and losses 
involved in converting energy to its more highly processed forms, par- 
ticularly electricity, coke and the higher priced oil refinery products. 


In the case of a relatively underdeveloped country shifting from the 
use of wood and agricultural wastes to the fossil fuels and water power, a 
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rapid rise in measured energy consumption can be misleading. Displace- 
ment of the older forms must sooner or later come to an end. When it 
does, the demand for energy will appear to moderate. Fortunately for those 
of us who have been concerned with an assessment of future Canadian 
requirements the “commercial” forms of energy already supply close on 
95% of demand. This renders less serious the fact that our estimates as 
to fuel wood consumption may be in error to the extent of 20% or 
even 30%. 
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Then there are the complications introduced by a changing fuel mix. 
The solid fuels, including coal, are frequently less efficient in use than are 
oil, natural gas and hydro-electricity. Less raw energy in the latter forms 
will do the same amount of effective work. Conversely, an expanding 
economy which is at the same time switching over to the use of the more 
efficient fuels may appear to need less energy to produce a given increment 
of goods and services. Canada, being in the midst of such a transition, is 
requiring less additional energy each year than would be the case had 
its pattern of fuel supply remained comparatively static. 


CHANGES IN PRIMARY FUEL CONSUMPTION AND MANUFACTURING PRODUCTION 1929-1955 


2 
OEEC COUNTRIES '48~'55) 


CANADA '46~'554 


SWEDEN, 


NETHERLANDS © ® NORWAY 


PER CENT PER ANNUM INCREASE 
IN FUEL CONSUMPTION 


ITALY 
° 


o AUSTRIA 


| | | 
<) 2 3 4 
W. GERMANY 


| 
<1 0 


LL 


6 ees 8 


OL 


FRANCE ® 


BELGIUM 
PER CENT PER ANNUM INCREASE IN MANUFACTURING PRODUCTION 


£ 


Meanwhile most forms of energy are becoming more highly processed 
prior to ultimate consumption. Coal is being converted more to coke, 
manufactured gas and thermal electricity. Higher octane gasolines and a 
greater variety of middle distillates are being produced from crude petro- 
leum. Fewer of its heavier ends can properly be called residual oil. Even 
natural gas is subject to a measure of processing after it is recovered in 
the field. This too calls for the use of energy; so much so that the energy 
lost or otherwise consumed in these conversion processes has become com- 
parable in amount to that used for the propulsion of motor vehicles. 


What this means in respect to a country like Canada is not always clear. 
Conversion losses at one level usually obviate undue waste at another. 
Oil, specially refined, has made possible the diesel engine. A 10% refinery 
loss has, in this case, resulted in a 400% improvement in locomotive 
efficiency. This represents a tremendous gain. Yet there are instances 
of an opposite kind. Coal or any of the other fossil fuels used directly for 
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space heating can be employed to greater advantage than were it first to 
be transformed into electricity. On balance, however, it would seem that 
this continual process of upgrading is tending to minimize inputs and maxi- 
mize outputs. (See accompanying chart entitled Indices of Energy Con- 
sumption per Unit of National Product.) 


Despite these interpretative difficulties—difficulties which apply with even 
greater force to the more mature economies—certain broad generalizations 
can, in fact, be made. Energy consumption, in primary forms, tends to 
move along more or less in line with G.N.P. (See accompanying chart 
entitled Indices of Energy Consumption per Unit of National Product.) 
In a few cases, it has been known to exceed the rate of growth of G.N.P. 
for a period of years. But in the great majority of cases, as economic 
development proceeds, it is known to lag progressively behind the total 
output of goods and services. This relationship adds force to the argument 
that the increased use of energy yields even greater dividends in terms both 
of industrial productivity and of national income. 


It is to be expected that the extent to which energy is used is dependent, 
in no small measure, upon the types and relative importance of the indus- 
tries to be served. This industrial use pattern, in turn, frequently reflects 
the stage or phase of economic development in which we find ourselves. 


A highly simplified model might be used to illustrate what is meant by 
this. In the early years, being almost entirely dependent upon the agricul- 
tural and other primary activities such as fishing and forestry, the energy 
demands of our hypothetical economy in both total and per capita terms, 
are low. Then comes the turning point. During the early years of change, 
as farming, logging, and transportation become more highly mechanized 
and the on-site processing of resources largely for export becomes charac- 
teristic of the area, its energy needs mount rapidly. These happenings, 
augmented by the high losses characteristic of rural energy distribution 
systems, tend to accentuate the role played by the energy supplying indus- 
tries. The total of all energy inputs shoots upward much more rapidly than 
population. For a time, it may exceed the accompanying output of goods 
and services. Energy as a cost of production will loom much larger in 
the over-all scheme of things and its price, quality, and other conditions 
of availability will, consequently, be more important than at any other 
stage in the development of our model economy. 


Sooner or later, various modifying influences begin to make themselves 
felt. Secondary manufacturing, though it will frequently be displacing 
earlier industries of an artisan nature, will require fewer inputs of fuel and 
power for a given volume of production. Most service industries, too, 
require less energy per unit of output. They, like secondary manufacturing, 
are at the same time more highly mechanized and more susceptible to 
economies of scale. Thus, as energy comes to be used not so much in bulk 
but more as a medium of activation and control, demand will tend to level 
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off. Only in respect to road transport, and this applies with particular 
force to the automobile, are wastefulness in use and a higher level of 
economic development seemingly compatible one with the other. 


Hence, raw energy inputs during this more mature phase no longer keep 
pace with G.N.P. Assuming no change in real price, outlays on fuel and 
power also show a relative decline. This is what has been happening in 
the United States during the past 20 to 30 years. It also may be charac- 
teristic of the 1960’s and 1970’s in Canada when increased efficiencies in 
use and declining fuel prices relative to that of other goods and services 
will help to minimize the nation’s total energy bill. 


These are generalizations and, like most statements of this character, 
apply but imperfectly to the experience of particular localities, or regions, 
or countries. Variations are introduced by the existence (or absence) not 
only of indigenous supplies of fuel and power but of other natural resources 
as well. Density of population, the need to overcome great distances, 
and the rigours of climate® also have a good deal to do with the relative 
intensity with which energy is put to work in one economy as opposed to 
another. 


Country by country and interregional comparisons are useful in so far 
as they help to amplify some of the points which have already been made. 
The countries of the world have been grouped under three separate head- 
ings with this in mind. One includes the older and industrially more mature 
economies. Another, intermediate grouping takes in countries whose pro- 
cess of industrialization has been confined to the past 40 or 50 years. 
And the third embraces many if not all of the so-called underdeveloped 
areas of the world—regions where energy consumption is not only low 
but has remained comparatively unchanged for centuries. 


The first group—the more mature industrial economies—includes the 
United States, the United Kingdom, most of the countries of Western 
Europe and a few others like Japan. Accounting between them for over 
60% of the world’s total energy consumption they exhibit several charac- 
teristics which are of considerable help in forecasting. They have a long, 
established and well documented history of economic growth. Also, their 
industrial structure has become relatively stable. No longer are sporadic 
developments in primary manufacturing likely to effect a major change in 
energy requirements. Instead, secondary manufacturing, distribution and 
the other service activities—because they tend to grow in much more 
orderly fashion—make the market analyst’s job of looking ahead a much 
easier one. 


*Space heating accounts for a large proportion of total energy used in cold climates. 
In the United States, it has recently been absorbing over 20% of the total energy 
supply. The figure for Canada is more in the order of 25%. A similar proportion 
is known to be used in similarly situated countries, such as Denmark, Norway, Sweden 
and Switzerland. 
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Observation leads to the conclusion that in such cases the process of 
economic growth has become quasi-automatic. Rates of expansion in these 
economies still vary one from another. Yet, this can often be traced to 
different rates of population growth, greater worker productivity or to the 
gradual substitution of one more efficient fuel for another. In the United 
States, population growth, increasing productivity and a slowly changing 
fuel mix have, over the last half century, resulted in a long-run 2.5% per 
annum rise in energy consumption. The cases of both the United King- 
dom and France are interesting by comparison. In each country, popula- 
tion increase and productivity gains have been less marked. Traditionally 
more heavily dependent on coal, they have also had greater scope for 
improvements in efficiency of use. Since 1900 their average yearly rate of 
increase in energy demand has been more in the order of 1.5%. 


Our second group of countries embraces not only nations but whole 
regions whose economies are only now undergoing a process of rapid 
industrialization. Presently utilizing between 20% and 25% of the world’s 
total energy production it includes much of Latin America—notably Brazil, 
Colombia, Mexico, Argentina and Venezuela. The U.S.S.R. and several 
of its satellites in Eastern Europe are also in this category. These are 
all countries or regions which have either attained, or are on the point of 
gaining considerable momentum in the process of economic growth. They 
differ from the more mature economies in that the forest industries, mining, 
primary manufacturing and transport account for an increasing—and in 
some cases a very rapidly increasing—percentage of total output. Such 
shifts as are occurring are usually happening at the expense of agriculture. 
Secondary manufacturing and the service industries have really only begun 
to grow. Thus, the main emphasis is still being directed towards expansion 
in the more energy intensive sectors within these lesser known economies. 


In most instances national income is shooting upward, both because of 
rapid population growth and because of the remarkable gains in produc- 
tivity which are possible at this intermediate stage of development. Figures 
showing yearly gross product growths in the order of 10% are not un- 
common. Even at that, energy consumption, as measured in terms of lump 
coal, crude oil, raw natural gas and falling water appears to be moving 
upward more or less in line with, or occasionally ahead of, G.N.P. 
(Examples of both the mature and younger industrial economies are shown 
on the accompanying chart, Energy Consumption per Unit of National 
Product.) ; 


Our third group—the less fortunate countries—comprises those regions 
of the world where per capita income is not only low but has changed little 
over the centuries. With the exception of a few expanding enclaves where 
the necessary material, technological and capital resources exist they have 
so far failed to disturb the Malthusian balance wherein production, energy 
requirements and population continue to move closely in step one with the 
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other. The makings of a cumulative expansion, in other words, have not 
yet put in their appearance. 


North America and most of the countries of Western Europe and of 
European settlement broke through this barrier during the late 18th and 
19th centuries. Japan and the U.S.S.R. did so just prior to World War I. 
China, India, Pakistan and a number of other Far Eastern countries are 
making a serious effort to do so at present. Once they are on their way, 
history shows that the typical curve of energy consumption starts sharply 
upward. Only when they have progressed through the intermediate stage 
when primary processing and the emphasis on heavy industry and basic 
transportation services have shifted more to the secondary and tertiary 
lines of economic activity are their demands for fuel and power likely to 
follow a more moderate upward curve. . 


Effective demand, it can be shown, is a function of many things; of cost, 
quality, assurance of supply and several other and related conditions of 
availability. Price, the variety and nature of the energy supplied and the 
requisite capital to ensure its immediate delivery are also relevant con- 
siderations. An attractive market for the products of energy intensive user 
industries is often a prerequisite of development in new areas. Indeed they 
are all interrelated, for without markets few energy-consuming projects are 
in fact financeable. All of the foregoing are therefore conditions which are 
helping to modify in one way or another the significant relationship which 
appears to exist between energy consumption, productivity, personal income 
and national economic growth. 


In attempting to trace out certain of these relationships let us begin 
with energy as an item of cost. Weighed against even the most general 
measures of economic activity it is appreciable. Total expenditures on 
fuel and power as a percentage of G.N.P., range anywhere from 6% to 
12%, depending upon the year and the country involved. The average 
homeowner in North America pays out more than 10% of his disposable 
income for fuel and power. Relative to the revenue derived from most 
types of transportation it is even larger; between 5% and 20%. Industries 
vary. Direct purchases of energy may be as low as 1% or as high as 
50% of their net value of production. In respect to primary manufacturing 
they are usually upward of 12%. Energy as a cost item in secondary 
manufacturing averages out around 3%. In thermal power production it 
may be as high as 60%. Thus a movement either way in the price of 
energy often has an appreciable effect upon the economic resources avail- 
able for the purchase of other goods and services. 


Though energy remains an appreciable item of cost, price discrepancies 
between different areas are narrowing. Developments on the transportation 
front have in this way helped to annul what was formerly a more important 
determinant of industrial location. Collier rates fell markedly from the 
1870’s onward. The expanded use of oil after 1900, with its high B.t.u. 
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content and its more efficient movement by tanker has also helped to 
average out geographical differences. The advent of the pipeline, by 
bettering rail haul costs by about two-thirds, has had a similar impact. 
Again, the newer fuels have frequently been found in regions which were 
formerly regarded as energy deficient. This, together with the steady deple- 
tion of resources in the more highly industrialized coal-producing countries, 
has also helped to loosen the ties which at one time existed between coal 
and the location of most types of manufacturing. 


Such a conclusion is not necessarily valid for all industries and all areas. 
Both primary processing and transportation are heavy users of energy. 
The former has frequently migrated to its own captive source of coal, 
hydro power or natural gas. The intention has been to keep costs to a 
minimum. Were it necessary for such producers to pay the prices commonly 
encountered in secondary manufacturing, their outlays on energy might be 
forced upward—not by 10% or 20% as one might ordinarily expect, but 
several times over. This, in circumstances where expenditures on this 
account are comparable to those on salaries and wages could well mean 
the difference between survival and the gradual extinction of the industry 
concerned. 


From this, it appears that there are, and will continue to be, exceptions 
to the rule. The level of energy costs will continue to be a deciding factor 
in respect to those using it most intensively. The occasional one, as the 
real price of fuel or power continues to go down, will choose the market 
rather than locate close to its principal source of energy. Yet others, like 
those producing U-235, aluminum, titanium, abrasives and some of the 
newer electro-chemicals, are bound to benefit from such further improve- 
ments which can be made on the side of supply. On balance, and with 
the prospect of technology adding to the numbers of materials requiring 
large amounts of energy in their initial production, one would expect their 
numbers to grow rather than to diminish. 


Another condition of availability—and one which is sometimes more 
important than cost—is that of quality. Suitable grades of coking coal are 
not everywhere available. Coal—even the higher priced varieties—is among 
the least transportable of our several forms of energy. A number of 
industries and particularly those of the metallurgical type are therefore 
drawn to those comparatively few regions where the better grades of coking 
coal can be produced in quantity. 


In some ways natural gas is also unique. As a raw material it is ideal 
for the production of ammonia, acetylene and certain other and related 
organic chemicals. Its principal by-products—sulphur and the natural gas 
liquids—can similarly be used for the processing of metals or in the produc- 
tion of such chemicals as synthetic rubber and the plastics. North American 
experience indicates that even when the price of natural gas has been 
substantially increased by long distance transmission it is still heavily 
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favoured for such purposes as metal working, the manufacture of ceramics, 
food processing and high temperature precision work. Also, lending itself 
more readily to automation than coal or the heavier fuel oils, it can bring 
about savings in direct labour costs and maintenance which are rarely 
encountered in gas deficient areas of the world. 


Oil and water power, because there are alternatives, no longer provide 
the same drawing power as coking coal and natural gas. Usually, if they 
provide an advantage, it is one of price. Oil can be transported anywhere 
and electricity can now be produced by a variety of means. Frequently 
transportation costs, and hence location on or close to tidewater, enter 
into calculations of this kind. Thus, low-cost hydro power sites close to 
the world’s main avenues of transportation are still sought after despite 
the remarkable improvements which have been made in thermal genera- 
tion. Crude petroleum and its products, being capable of efficient movement 
either by land or by water, are perhaps the least likely to offset the cost 
of various economies which usually stem from a greater degree of market 
orientation. 


Cost and quality are but two of the conditions of availability. Delivery 
on demand and reliability of supply are others. A readily contractable 
source of fuel or power can sometimes draw industries to an area which, 
though boasting undeveloped resources, could not otherwise have made 
such a sale. Many industries deem long-term contracts of a duration of 
25 to 30 years prerequisite to large investments in processing facilities. 
Not only are they interested in present day costs but, in their calculations, 
longer run price possibilities must also be taken into account. A subsequent 
influx of secondary manufacturing and service industries could jeopardize 
continuity of delivery, or, by being able to pay more, could drive prices 
upward. It is frequently in an attempt to eliminate, or at least minimize, 
these influences that some of the heavier fuel and power using industries 
have continued to move into virgin territory where they would be able to 
develop and retain under their own auspices a particularly advantageous 
source of energy supply. 


Frequent reference has been made to price. But price is also a measure 
of demand. Charactistically, the industries which place the heaviest demands 
on energy are also the most capital intensive. In their case, a great deal of 
money has to be raised and invested, prior to their earning a return commen- 
surate with that afforded by other types of economic activity. The raising 
of these funds is anchored in turn to the market prospects for these energy 
intensive products. Often demand, in their case, must be expressed in the 
form of long-term contracts or be supported by corporate connections which 
are likely to ensure a high and continuing level of sales. In other words, 
product market conditions are themselves important determinants of scale 
and financial arrangements (hence the cost) at which energy can be made 
available in this country. 
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If effective demand is a major determinant of development, home con- 
sumption of energy is much more so. The production function is creative 
of wealth. Yet few among the energy-producing countries or areas are 
also those which can boast the highest standards of living. Instead it is to 
those who put energy effectively to work that most of the rewards have 
gone. In the United States the high energy consuming states are those with 
the highest per capita income. On the other hand, the energy producing 
areas, if they are not also sizable consumers, are well down the list. Dela- 
ware ranks first; Texas 30th in line on the basis of per capita income. Of 
the four highest ranking states, none is higher than 23rd as a producer 
of energy. With the exception of California, the six largest producing 
states rank 17th, 30th, 39th, 40th and 42nd when their per capita incomes 
are set down one beside the other. Country by country data confirm this 
thesis—namely, that to be a producer is, doubtless, useful; to be an effective 
consumer of energy is far more important in so far as the process of creating 
wealth is concerned. 


From this it follows that Canada, while it will benefit from the search 
for and development of its energy resources, will be even better off if a 
growing proportion of its supply of oil, coal, gas and hydro-electricity can 
be put to work at home. 


Canada—a Special Case 


Though there are numerous similarities, Canadian experience does not 
fit readily into the general pattern which has been emerging elsewhere. 
The demand for energy in this country has been growing at a rate some- 
what in excess of the world’s average. Its composition as to source of 
supply, meanwhile, is in a state of flux. Requirements by major end use, 
on the other hand, are changing more slowly one relative to the other. 


Industrial requirements are growing more rapidly than the national 
average; residential and commercial needs are falling behind. Only recently 
have the liquid fuels begun to challenge coal as Canada’s principal source 
of heat energy. Water power, long the nation’s major source of electricity, 
is now having to be augmented by thermal means. Canada is also on the 
verge of becoming a substantial producer of energy for export. These 
latter developments, because they differ markedly from past happenings, 
render questionable any method of forecasting which rests exclusively on 
a projection of past trends. 


Compared with most other countries, Canada’s occupancy of the’ middle 
category of growth has been prolonged. This country’s energy requirements 
have for several decades been growing only slightly less than G.N.P. In 
this respect Canadian performance has differed from that of many of the 


‘See: Peaceful Uses of Atomic Energy, Vol. I, p. 417 (Sporn; Nuclear Energy in the 
U.S.A.) for a complete list of the states according to per capita income and per 
capita consumption of energy. 
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younger and less highly developed economies where energy requirements 
have tended to outpace economic activity generally. At the same time the 
Canadian energy—G.N.P. ratio has not fallen either as much or as per- 
sistently as has been the case in, say, the United Kingdom. 


Measured in energy terms, Canadian experience therefore falls some- 
where in between that of the more mature and that of the less highly 
industrialized but rapidly developing regions of the world. This, on reflec- 
tion, is as it should be. Primary processing and transportation are still 
dynamic factors influencing the nation’s energy consumption pattern. 
Furnished with an abundance of natural resources, including water power, 
this country has continued to be an efficient producer of primary products. 
The initial manufacture of such basic commodities as newsprint, market 
pulps, refined metals, abrasives and fertilizers has for several decades con- 
tributed materially both to the nation’s wealth and its extraordinary demand 
for energy. 


While the needs of the resource processing industries have continued to 
loom large, the requirements of other major use categories have been 
changing, one relative to another. Manufacturing, stimulated by World War 
II, by the postwar import control era and by the post-Korean boom has 
demanded a larger share of the total supply. Transportation requirements 
have been more stable, gains in highway and aircraft usage broadly off- 
setting the relative decline in railway fuel consumption. Space heating has 
become progressively less important falling from 40% to around 30% of 
the total market for energy since 1939. Meanwhile the fuel and power 
supplying industries are now gaining—and gaining rapidly—in importance. 
Oil production and the generation of electricity by burning coal, oil and 
natural gas, have introduced demands of a type which were insignificant 
prior to 1950. 


The record of the past three decades, presented in tabular form, is 
descriptive of the divergent trends. 


Canada—Energy Use by Sectors 


(each use as percentage of total consumption*) 


1929 1939 1953 

Manufacturing 20 20 24 
Transportation 29 p14 30 
(a) Railroads 19 1S 11 
(b) Highway 6 2 14 
(c) Other + 3 5 
Household commercial 40 42 Sl 
Supplying energy W) 8 10 
Other - 3 5) 
Total 100 100 100 


*Excluding non-fuel uses. 
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The changing energy mix also introduces complications. Substitution 
of one fuel or source of power for another affects efficiency in use sometimes 
in one way, sometimes in another. With each passing year coal is supplying 
less of the total demand for energy in this country. Having largely displaced 
wood it has recently been losing many of its major market outlets to oil. 
Natural gas, the use of which is only in its infancy, soon will be vying with 
all three on a number of fronts. Also, while water power is still gaining 
both absolutely and relatively in importance, electricity is in such demand 
that other and thermodynamically less efficient sources are having to be 
introduced; hence the growing interest in nuclear energy. 

A second table dealing with the manner in which Canada’s mounting 


energy requirements have been supplied gives a more accurate indication 
of the changes which have been taking place over the past 25 years. 


Canada’s Changing Energy Supply 


(each source as percentage of total energy) 


Energy source 1926 1939 1953 
Coal 69 56 Sh) 
Petroleum 10 20 42 
Natural gas* 2 3 4 
Wood 16 14 i 
Water power? 3 i 8 
Nuclear energy — — — 

Total 100 100 100 


“Including natural gas liquids. 
*Measured in terms of its contribution as electricity. 


That today’s energy supplies are being used more efficiently than they 
were in the past, there can be little doubt. Output—that is work effectively 
done—has been rising more rapidly than G.N.P. As distinct from the 
supply of raw energy (i.e. lump coal, crude oil, falling water, etc.) it is 
a more accurate measure of the contribution which energy is actually 
making to economic growth in this country. 


Since 1926, inputs as measured in terms of B.t.u.’s or tons of coal equiva- 
lent have been growing at an average annual rate of around 3%. G.N.P., 
between 1926 and 1955, increased at an average annual rate of around 
3.6%. (See chart entitled Energy and National Growth, 1926-55.) The 
amount of energy put to effective use, meanwhile also has been rising at 
a rate of closer to 4% per annum. Implied by these figures is an average 
national gain in efficiency in the order of 1% a year.. 


In this process the substitution of one fuel for another has helped. The 
choice available to Canadian consumers has been widened considerably over 
the past 20 to 30 years. Electricity, oil, and now natural gas have become 
available for the purposes to which they are best suited. More efficient 
equipment is being installed. Operating temperatures, better control, and 
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improvements in engineering practice and architectural design, by optimiz- 
ing plant, have enabled the same amount of energy to do a great deal more 
work. 


Further gains will continue to be made in this direction. With the 
dieselization of the railways, their energy requirements will be reduced. 
Many of the nation’s older homes, stores and factories, due to deficiency 
in design, or the use of antiquated equipment are still wasteful of heat 
energy. Canadian industry, like that of other countries, is still operating 
equipment which was designed and built two or three decades ago. Replaced 
by installations which incorporate the latest ideas with respect to the con- 
servation of energy, modernization will continue to reduce what otherwise 
would constitute a much more rapid drain on the nation’s fuel and power 
resources. 


More recently, however, these efforts have yielded diminishing returns. 
Many of the more wasteful practices have been eliminated. This is par- 
ticularly true of heavy industry. Innovations which have brought about a 
two- or even threefold improvement in combustion efficiency are rarely 
possible of repetition. Perhaps a 50% gain is all that is attainable from 
now on. This is true particularly of boilers, heat exchangers and most other 
types of heat transfer equipment. Meanwhile, a number of Canada’s larger 
electric power utilities are having to turn from water power to steam 
generation. The over-all efficiency of the average hydro system is in the 
order of 85%; that of most thermal electric systems no better than 30%. 
Obviously as thermal generation gains relatively in importance its input- 
output characteristics will also have a marked effect (and in this case a 
depressing effect) on the efficiency of the over-all national energy system.° 
One can only surmise from this that Canada’s raw energy needs will tend 
to approach (or even exceed) rather than fall markedly behind the rate of 
growth of G.N.P. 


So far, our discussion has been in quantitative terms. It has been con- 
cerned with physical quantities of energy (B.t.u.’s) and their relationship 
with over-all measures of economic activity (i.e. G.N.P.) expressed in 
constant dollar terms. Past value relationships are also worthy of investiga- 
tion. Expenditures on energy relative to G.N.P. or to the “value added” in 
individual industries also reveal the close connection which exists between 
energy consumption and economic growth. They are also useful in that 
they eliminate such errors as may be introduced by the deflation of current 
to constant dollars. 


Price now enters into our calculations. The higher the unit value of 
energy the higher must be the expenditures of a given economy or industry 
relative to its total output of goods and services. Assuming that any two are 
identical in structure, that which has to pay higher unit prices finds its 


-*Ror a further discussion and projection of the over-all Canadian energy input-output 
relationship see Appendix D. 
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CANADA — ENERGY AND NATIONAL GROWTH, 1926 -— 1955 
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energy bill accounting for a larger proportion of its total value output. 
Obviously the industry (or economy) which can obtain its energy at lower 
prices enjoys a real advantage over its competitors. 


One interesting measure, though a very approximate one, is the total 
annual outlay on fuel and power by all consumers of energy relative to 
G.N.P. In Canada, this is presently in the order of 10%. In the United 
States it is much lower, under 7%. Such information as is available on 
Western Europe, suggests that a figure of 7% is currently applicable there. 
Canadian consumers, if we apply this measure, are therefore devoting a 
larger proportion of their total effort to the procurement of energy than is 
the case in most other countries with which Canada engages in international 
trade. 


Several reasons come to mind. Canadians, in combating a more rigorous 
climate, generally find space heating more expensive. Here the heavier 
fuel and power demanding industries tend to dominate manufacturing. 
The ratio of their expenditures on energy relative to total value of sales is 
therefore higher than in manufacturing elsewhere. Distances being great, 
transportation requirements tend to exceed the average reported in countries 
like the United Kingdom. Taxes on fuels like gasoline are higher than in 
the United States. Each adds materially to the average Canadian consumer’s 
energy bill. 


But unit price is even more significant. It has already been observed 
that the cost of energy, retail, to Canadians is currently equivalent to one- 
tenth of the nation’s G.N.P. As recently as 1939 it was as high as 12%. 
Since then it has been moving downward. In this respect it parallels experi- 
ence in the United States. Close to 8% prewar, expenditures on energy as 
a percentage of G.N.P. in the United States is now running below 7%. 


Outlays on Energy vs. G.N.P. 


(energy consumption as a percentage of G.N.P.) 


Year 1929 1939 1947-48 1952-53 
Canada £220 12:0 i es 102 
United States Tet 7.8 6.6 6.8 


°A direct Canada-United States comparison with respect to comfort heating (and 
cooling) indicates that Canadians do not utilize a great deal more energy for this 
purpose. Various measures can be taken as proof of this statement. Energy consump- 
tion (i.e. the number of B.t.u.’s) per dollar of goods and services produced is close 
if not identical in the two countries. Residential and commercial usage as a propor- 
tion of total national requirements is currently about 30% in both Canada and the 
United States. Since most of this energy is supplied in the form of fuel and electricity 
for space heating and air conditioning purposes the amounts used in the two countries 
cannot be far different. Energy usage in manufacturing also exhibits a remarkable 
degree of uniformity throughout North America. Individual industries, whether they 
be in Canada or the United States, purchase about the same amount of energy per 
dollar of output. The processes which they use and the extent of manufacture of 
the products which they produce are therefore a much more important determinant 
of the intensity to which energy is put to work. 
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These figures take on greater meaning when they are set down alongside 
statistics pertaining to the quantity of energy consumed per unit of G.N.P. 
in the two countries. Per person the output of all goods and services in 
Canada in 1955 was approximately three-quarters that of the United States. 
This was almost identical with the ratio of per capita usage as expressed in 
physical terms. (Canadians now use about three-quarters as much energy 
expressed in B.t.u.’s as their neighbours to the south.) Were prices to be 
identical, expenditures on energy divided by G.N.P. would closely ap- 
proximate one another. Instead, the Canadian figure, as reported in the 
above table, is 50% higher than that calculated for the United States. 
Though the margin between the two may be narrowing, it is obvious from 
the foregoing that the Canadian economy has been at a real disadvantage 
in so far as the delivered price of energy is concerned. 


A map showing the location and extent of the major North American 
bulk fuel cost zones confirms this view. That shown in Chapter 4 is 
indicative of the regional price structure which prevailed in 1953. It shows 
that the majority of Canadian users (and especially those in the areas of 
greatest industrialization) paid a good deal more for their fuel than the 
average U.S. consumer. The delivered price, per million B.t.u., in Quebec, 
the Maritime Provinces and Newfoundland was on a par with the highest 
encountered anywhere in the United States. The same applied to much 
of central and northern Ontario, eastern Manitoba and central British 
Columbia. Only in the western Prairies and, to a lesser extent, southern 
Ontario, have Canadian consumers enjoyed access to fuel, the delivered price 
of which is equal to or below the North American average. 


This situation is changing rapidly in western Canada; more slowly else- 
where. Prices in British Columbia are falling with the extension of natural 
gas service to the West Coast. Electric power will also be much cheaper 
there once large scale developments get under way on the Fraser and 
Columbia Rivers. Eastern Canada will benefit modestly from the arrival 
of western Canadian gas. Imported oil will also help to moderate price 
trends in Quebec and the Maritimes. Since the general trend in real energy 
prices may be upward in the larger centres of population and industry in 
the United States, some of the Canada-United States fuel cost discrepancies 
referred to earlier may be reduced, if not eliminated in their entirety during 
the forecast period under review. 


One of the most reliable (but by no means the only) indicator of the 
role which energy has played in the Canadian economy is the cost statistics 
relating to manufacturing published annually by the Dominion Bureau of 
Statistics (D.B.S.). These can be broken down among fuel, power, other 
materials, and salaries and wages. Calculated since the mid-1920’s, 
they show energy as an item of cost rising perceptibly in the decade after 
1925, levelling off in the immediate prewar years and declining from 1940 
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onward. Reported in percentage terms and averaged out for five-year 
intervals over the past 30 years, they run as follows: 


Energy Expenditures in Industry 
Outlays on Fuel and Power in All Manufacturing Industry as a Percentage of: 


All Salaries Net value Gross 
materials and of value of 
Period purchased wages production production 
Average 1925-29 4.7 13.0) 6.0 2.6 
1930-34 6.0 14.3 Ou Sez 
1935-39 553 14.6 fea 3.0 
1940-44 4.8 12.3 6.2 pa 
1945-49 4.4 ere 6.0 Vee) 
1950-54 4.2 it Slee! Die 


From this, several things become apparent: namely, that 


(a) the cost of fuel and electricity is smaller in relation to expenditures 
on other materials than it was in the 1930’s; that 


(b) the cost of fuel and electricity is smaller in relation to outlays on 
salaries and wages than it was prewar; and that 


(c) energy, as a direct item of cost in most types of industry is com- 
paratively stable. Over the 30-year period since 1925, it has aver- 
aged out at around 6% of the value added by manufacturing in 
Canada. 


It is well to recall, however, that energy is usually more important in 
the early stages of manufacturing. Primary processing—and this applies 
to a number of Canada’s major export industries—still employs consider- 
able amounts of fuel and power. Its effects, however, have been obscured 
by a steady proliferation of secondary and tertiary activities in recent years. 
Aimed largely at the domestic market, and involving a greater input of 
labour and capital, the “value added” in later stages of production has 
grown both relatively and absolutely. The more primary or more energy 
intensive processes, as a result, have become less important in the whole 
fabric of industry. This provides us with one explanation for the relative 
fall in expenditures on energy. Another, of course, is the gradual decline 
which has taken place in the unit price of energy itself. 


Canada, as we have seen from our other studies, is more dependent than 
most on the earnings of her primary industries. Food processing, pulp and 
paper, non-ferrous metal smelting and refining, heavy chemicals, fertilizers 
and the production of abrasives, alone, account for well over half of the 
nation’s export trade. Their energy cost relationships consequently warrant 
special consideration. 


Proportionately, they are much higher than for manufacturing as a whole. 
Yet, total expenditure on fuel and electricity, in their case, has also lagged 
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well behind that of other “purchased” materials. It has fallen by about 
25% relative to net value of production; more than 30% as compared with 
the gross value of sales. Only in respect to salaries and wages has there 
been little change. This, of course, points up the continual substitution of 
machinery and equipment for labour. At the same time, the increased 
amounts of energy to drive the former are available at lower prices than 
was the case, say, in 1929. 


Energy Expenditures in Primary Manufacturing 
Outlays on Fuel and Power in Primary Manufacturing’ as a Percentage of: 


All Salaries Net value Gross 
materials and of value of 
Period purchased wages production production 
Average 1925-29 eS 515 19 102 
1930-34 Ae, Die Z1eS 10.8 
1935-39 17.6 66.3 24.9 10.3 
1940-44 L3c2 eho iss) S27 9.0 
1945-49 14.0 45.3 Eon 8.0 
1950-54 12s 48.5 14.6 6.8 


“Exclusive of primary food processing. 


Particularly striking is the fact that, since 1925, expenditures on fuel 
and electricity have been 50% or more of those devoted to the payment of 
labour. In the late 1930’s, the ratio between the two was more like 2:3. 
Meanwhile, much larger volumes of other raw and semi-processed materials 
have been consumed. Their costs were about five times that of energy 
purchases in the late 1920’s as compared with around eight at the present 
time. 


The record of individual industries was also examined during the course 
of this study. In the case of the nation’s pulp and paper mills, total outlays 
on fuel and power have risen relative to salaries and wages. From 50% 
in the late 1920’s, expenditures on energy have risen to around 65% of that 
industry’s payroll. With regard to non-ferrous metals smelting and refining 
much the same sort of thing has been happening. Thirty years ago outlays 
on energy were 52% of expenditures on salaries and wages. Now they 
total closer to 60%. Fertilizer production as it developed to serve export 
markets also became more energy intensive. Its outlays on fuel and 
power have risen from about 8% in the late 1920’s to around 20% of the 
fertilizer industry’s total wage bill at the present time. Meanwhile the 
structure of Canada’s primary iron and steel and chemical industries has 
been moving in the opposite direction. Being more concerned with serving 
the domestic market they have added more value to their products in the 
sense of further fabrication and secondary manufacturing prior to con- 
sumption. The percentage decline in the case of the primary iron and 
steel mills has been from 40% to 26% and in respect to basic chemicals 
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from 65% to 43%. More than anything else, these figures indicate the 
importance of energy and its progressive substitution for labour in the 
nation’s export industries. Conditions of availability in price are therefore 
of major importance to this highly competitive sector of Canada’s burgeoning 
economy. 


An equally relevant observation relates to the influence of energy on 
industrial location. As a result of improved methods of transportation, 
cost differentials have been narrowing. In Canada, the processing of 
resources has not kept pace with like developments elsewhere. Such pulp 
and paper mills as have been built tended to go to the forests; new smelting 
and refining capacity, to the mines. Secondary manufacturing and the 
service industries have gone to the market. While there are a few excep- 
tions, (e.g. aluminum production) such statistics as are available also cor- 
roborate the view that the drawing power of sources of cheap energy on 
manufacturing in general has been weakening. 


In this country, fuel and power prices vary considerably from one area 
to another. So does the extent of industrialization. In order to test the 
effect of geographical cost differences upon the industrial orientation, 
consumption data, relating both to volume and value, were compared on 
a provincial basis for the years 1939 and 1953. 


Fuel Consumption in the Manufacturing Industries 


Province 1939 1953 

Million Cost Million Cost 
B.t.u.’s per = permillion  B.t.u.’s per per 

employee B.t.u.’s employee million 

B.t.u.’s 
Nova Scotia 170 Se 603 46¢ 
New Brunswick 726 .18¢ 743 .46¢ 
Alberta 695 ee) 774 29¢ 
Saskatchewan 649 .23¢ 782 A8¢ 
Ontario 408 Zoe Seal 49¢ 
British Columbia 311 22¢ 33 4¢ 
Manitoba 298 23¢ Sol 39¢ 
Quebec 229 .29¢ 305 54¢ 
Prince Edward Island 129 28¢ 147 87¢ 


The results show, quite clearly, an inverse relationship in 1939 between 
fuel consumption and fuel cost, the coefficient of correlation being —0.84. 
Since energy is generally required in fixed proportions to other factors of 
production, this interesting relationship reflects a definite tendency for the 
fuel intensive industries to locate themselves in low fuel cost areas. 


Time, however, has had a modifying effect. The analysis carried out for 
the latest year for which detailed regional statistics are available—namely, 
1953—-shows this relationship to be less marked. The coefficient of corre- 
lation for that year was —0.68; thus implying that, over the past decade 
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and a half, energy costs have become a less important factor in respect to 
the locating of the great majority of industrial establishments.* 


That there are exceptions has already been noted. The electro-process 
industries—for example—are much more sensitive to energy costs than 
is the average for all industry. Certain products—and this includes the 
higher priced petrochemicals—tend to be produced where natural gas is 
both cheap and likely to be in surplus supply for long periods of time. 
Tidewater locations are often favoured because fuel, like other process 
materials, can be brought in relatively cheaply. To this extent, the costs 
of energy have continued and will continue to have a significant effect upon 
industrial location. 


On the other hand, with the progressive adoption of chemical methods 
of treatment, primary processing in both the pulp and primary metal indus- 
tries has lessened the need for fuel and power as such. Instead, energy has 
become more desirable in the form of mineral acids or ammonia made 
from natural gas. Since these reducing, bleaching, or other agents can 
sometimes be manufactured locally or occasionally supplied in readily 
transportable form, technological developments on the chemical front may 
well run counter to those of a more historical nature. 


The fact that the delivered cost of energy is declining is having an effect 
of its own. New products are being thought of commercially whose pro- 
duction cost would have been regarded as prohibitive a decade or so ago. 
Metals like lithium, zirconium and beryllium are now being manufactured 
in appreciable quantities. Separation of the fissionable isotope of uranium, 
U-235, requires electricity in quantities well in excess of that needed to 
produce either aluminum or titanium metal. Reduction of silicon, because 
of its relative abundance in nature is also receiving serious study. Numerous 
other examples can be obtained from a reading of the technical press. 


All these are industries which, as they emerge, will of necessity gravitate 
to the cheapest possible source of fuel and power. To the extent that this 
happens, they will tend to offset the growing insensitivity of most other 
types of industry to energy as an item of cost. 


Yet manufacturing is only one of the major energy use sectors. Expendi- 
tures on fuel and power relative to total revenue also loom even larger in 
respect to transportation. Though declining on the railways the ratio 
between the two is still in the order of 8%. In shipping the cost of fuel 
relative to gross income is in the order of 11%.8 On the highways, pur- 
chases of motor fuel as a proportion of total cost have remained in the 


"A similar study carried out for the United States and reported in National Resources 
Planning Board—Industrial Location and National Resources—shows correlations of 
—0.71 and —0.69 for the years 1939 and 1947. 

“In respect to shipping the relationship between outlays on fuel and gross income dur- 
ing BS postwar period has been as follows: 1946, 9.2%; 1951, 11.3% and 1955, 
10.8%. 


ENERGY CONSUMPTION AND ECONOMIC GROWTH 


vicinity of 15% ever since the late 1920’s.° A similar figure applies to 
commercial air transport.1° 


Only in the case of the railways has there been any indication of a 
falling off in expenditures on energy relative to other costs. That this has 
been due largely to dieselization is apparent from a comparison of Canadian 
and United States statistics which relate the total cost of railway fuel to 
total railway revenue over the past 30 years. 


Expenditures on Fuel as a Percentage of Total Revenue 
(steam railways) 


1925-29 1930-34 1935-39 1940-44 1945-49 1950-54 1954 


Canada 9.2 8.8 8.7 8.7 LEO 9.1 7.8 
United States — — 6.82 Onl Wes SA 4.6 
*1938 only. 


Residential and commercial usage, while it has been falling relative to 
manufacturing and transportation requirements, may also be regarded as 
one of the more energy intensive sectors of the Canadian economy. Al- 
though precise data are difficult to come by in this field, approximations 
can be arrived at, based on door-to-door household and other surveys 
carried out by the D.B.S. These suggest that in 1948 the average family in 
Canada spent approximately 10% of its disposable income on energy. The 
latest survey, which pertains to 1953, indicates that currently the ratio of 
fuel and power to total family expenditures is between 8% and 9%. 


The most energy intensive are those utilities generating electricity by 
thermal means. Power companies employing coal, oil or natural gas as 
their primary source of energy now frequently spend one-third of their 
total income for fuel. With the passage of time the ratio between expendi- 
tures on energy and revenue obtained through the sale of thermally pro- 
duced electricity has tended to rise. This is illustrated by the following table. 


Expenditures on Fuel as a Percentage of Total Revenue 
From the Sale of Thermal Power 


1926-30 1931-35 1936-40 1941-45 1946-50 1951-54 1954 
Fuel as a 
% of total 26.6 INS 72 ah 2556 B24 39.6 39.9 
revenue 


°This is a more difficult calculation. Outlays on motor fuel were estimated from pub- 
lished data on gasoline production and imports and average annual gasoline prices 
from 1926 to 1955. These yearly expenditures were then compared with the “direct 
costs” as reported in the transportation study published by this Commission. The ratios, 
again expressed in percentage terms were: 1928, 15.3%;1936, 15.4%; 1945, 14.6%; 
1949, 18.9% and 1953, 14.5%. 

When the total outlays on fuel as reported for scheduled and non-scheduled com- 
mercial airlines in Canada are compared with their aggregate operating revenue for 
the year 1955, total fuel cost, as a percentage of revenue, amounts to 15.3%. 
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Though it has been possible to trace out certain long-run trends in the 
use of energy relative to a number of industries and other categories of use, 
real importance has generally been understated. This is because such 
measures as gross value of production and total revenue from sales have 
been employed. As the latter generally over-state the true contribution to 
the economy of these various industries and other types of activity, the 
outlays on fuel and power have appeared smaller by comparison. With a 
view to setting energy in its proper perspective and, at the same time, 
enabling the reader to obtain a better appreciation of the relative intensity 
of consumption, use sector by use sector, the following series have been 
prepared. 


Energy Consumption and Income Originating in Various Sectors 
of the Economy, Canada, 19534 


Energy Income originating Input coefficient 
Consuming sector B.t.u.x 10% in millions of dollars 10? B.t.u. /dollar 
Agriculture, forestry and fisheries 99 3,405 29 
Mining re 857 oT 
Primary manufacturing BS 1427, 232 
Food processing 36 330 109 
Wood products 4 262 15 
Pulp and paper 163 439 SiAl 
Smelting and refining 65 242 269 
Non-metallic minerals BS) 44 79S 
Industrial chemicals 28 110 DSS) 
Secondary manufacturing 335 4,768 70 
Foods and beverages 34 439 77 
Iron and steel and its products 66 725 91 
Transportation equipment 24 967 25 
Textile products and clothing 19 659 29 
Non-metallic minerals 29 154 188 
Electrical apparatus 6 374 16 
Products of petroleum and coal 65 132) 492 
All other 92 1,318 70 
Total manufacturing 666 6,195 108 
Elec. power utilities 67 3/551 191 
Transportation 670 1,714 391 
Trade services etc. 
(domestic and commercial) 780 9,448 83 
All other 260 
Total economy PASAT ; 21,970 119: 


“For similar table of the U.S. economy in 1947 see: Mason, Energy Requirements and 
Economic Growth, National Planning Association, Washington, 1955. 


It will be seen from the preceding table that there is a wide variation 
between different sectors of the economy as to the amount of energy con- 
sumed per unit of national output. Primary manufacturing is the most 
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energy intensive though a few secondary industries such as oil refining and 
coke production are also heavily dependent upon fuel and power. Among 
the primary industries, the production of bulky low-cost building materials 
like cement, industrial materials like abrasives, and other primary manu- 
factured products like non-ferrous metals, pulp and paper, and heavy 
chemicals have the highest input coefficients. The transportation sector is 
important because it includes automobile gasoline—a substantial energy 
input which has only a small income equivalent. Agriculture, most types of 
secondary manufacturing and the trades and services, by contrast, employ 
much smaller amounts of energy per unit of national product. 


Similar observations apply to the amounts of energy purchased per 
employee. The amount of energy consumed per employee in Canada in 
1953 was highest in the production of primary non-metallic minerals follow- 
ed by petroleum refining, pulp and paper, non-ferrous metals, smelting 
and refining and industrial chemicals. 


Energy Consumption per Employee in 
Industrial Sectors in Canada, 1953 


Consumption 
per employee 
Consuming sector 10° B.t.u. 
Primary manufacturing 1162? 
Food processing B93 
Wood Products 44 
Pulp and paper 2,801 
Smelting and refining 2,590 Agriculture, forestry and fisheries 102 
Non-metallic minerals 7,000 Mining 815 
Industrial chemicals 2,060 
: Total manufacturing 502 
Secondary manufacturing 340 >} 
Foods and beverages 399 Elec. power utilities 1314 
Iron and steel and its products 8)5)1| Transportation 1,580 
Transportation equipment 153 A 
3 i Trade services etc. 
Textile products and clothing 99 p é 
NopoueiiGoinmernts 1.000 (domestic and commercial) 336 
Electrical apparatus 78 Total economy 505 
Products of petroleum and coal 3,800 
All other 310 


In carrying out this study statistics pertaining to energy production and 
consumption were also prepared by provinces. Listed for 1955 they 
generally confirm the earlier observations appearing at the end of the 
previous section, namely: 


(a) that regions with high per capita income with few exceptions are 
those also reporting a high per capita usage of energy; and 


(b) that substantial producers of energy are not necessarily at the top 
of the income scale. 
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Energy and per Capita Income, Canada, 1955 
(by province) 


Personal income Energy Consumption Can. energy production 
Province Percapita Rank Percapita Rank Percent Rank 
Canada 1,262 189 100.0 
Ontario ie i 190 2 70 5 
B.C; 1,505 2 165 3 4.0 6 
Alberta 1,244 3 290 1 59.0 1 
Manitoba 1,158 4 110 8 3.0 Uh 
Saskatchewan 1,147 5 130 7 7.0 4 
Quebec 1,098 6 135 6 8.0 3 
N.S. 949 i £55 + 10.0 4 
N.B. 828 8 145 5) 2.0 8 
Nfid. 667 9 90 9 0.2 9 
P.E.E 657 10 90 10 — 10 
Table 7 


COST OF ENERGY IN MANUFACTURING INDUSTRIES 
IN CANADA, 1953 


(money figures in thousands of dollars) 


Value added Cost of fuels and 
Industrial group by manufacturer purchased electricity 


% 
Total of value added 


Foods and beverages 1,146,474 48,748 4.2 
Tobacco and tobacco products 75,015 638 8 
Rubber products 172,674 Seo zal 
Leather products 103,937 2,067 1.9 
Textile products (except clothing) 299,231 13,134 4.4 
Knitting mills 81,264 1,823 Wp. 
Clothing 333,239 2,391 of 
Wood products ST Stew 14,902 2.6 
Paper products 767,274 83,517 10.9 
Printing, publishing and allied industries 364,364 4,166 Theat 
Iron, steel products 1,140,931 51,454 4.5 
Transportation equipment 961,205 17,779 1.9 
Non-ferrous metal products 458,180 S57 02, 12.6 
Electrical apparatus and equipment 457,490 6,957 1&5) 
Non-metallic mineral products 239,816 34,974 14.6 
Products of petroleum and coal DieESSS 65,225 16.6 
Chemicals and allied products 448,277 29,541 6.6 
Miscellaneous industries 154,763 3,052 “tIc9 


All manufacturing industries 7,993,069 411,795 Si 
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Table $8 


COST OF ENERGY RELATIVE TO OTHER ITEMS OF EXPENDITURE 
IN SELECTED COMMODITY PRODUCING INDUSTRIES 
(Canada, 1953) 


% of % of Thousand 
oO of % of net value gross value B.t.u. 
all materials salaries and of of per $ of 
Industry purchased* wages production production sales 
Alumina 5 52 10 3 78 
Aluminum 24 84 Ay] 13 209 
Nickel—copper 15 46 10 6 95 
Lead—Zinc 16 86 70 il} 87 
Magnesium 25 38 15 9 120 
Primary steel Dh Dh 10 Hae: 97 
Cement 88 3) KY) 20 440 
Clay products (brick etc.) 53 32 i/ 13 364 
Acids, alkalies and salts 22 43 17 10 161 
Caustc and chlorine (only) 37 60 20 13 165 
Nitrogerious fertilizers 43 I py | 17 wii 
Newsprint 20 51 18 10 144 
Sulphate Pulp 9 Bi; 11 3) 96 
Dissolving pulp 22 jit 30 13 323 
Crude abrasives 18 38 17 9 86 
Average 
(a) Primary 
manufacturing” 13 49 15 7  » 5S0—440 
(b) Secondary 
manufacturing 3 6 3 IS; 20— 30 
(c) Total 
manufacturing 4 11 3) 2 37 


aIncludes fuel and electricity. 
>Includes primary food processing. 
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AS WE have seen, energy consumption everywhere has been mounting, 
and mounting steadily. Meanwhile, the emphasis has been shifting progres- 
sively from the renewable to the more exhaustible forms of fuel and power. 
Shortages have already been encountered in some areas and production 
costs, particularly those of the solid fuels, have been rising. These tenden- 
cies have become a matter of increasing concern, especially in the older 
coal and oil using areas of the world. 


New sources of energy will, eventually, be available to supplement those 
in widespread use today. These, we know, will call for the investment of 
« Se ; 
a great deal of additional capital. There is no assurance, furthermore, that 
their introduction will effect substantial savings in other directions. These 
are among the reasons why the related questions of availability, substitution, 
and price are of such universal interest today. 


A good deal has been written in recent years about the extent of the 
demand for energy. Despite the extent of this research, the various 
authorities still differ as to their estimates, not only of past levels of con- 
sumption but also in respect of present rates of increase. The United 
Nations, in their publication World Energy Requirements in 1975 and 
20001, puts the historical rate of increase in the order of 344% per year. 
Putnam in Energy in the Future? estimates that over the past century 
demand has been rising at around 3% per annum, and Robinson and 
Daniel in the United Kingdom give a figure of around 2% in their latest 
paper The World’s Needs for a New Source of Energy?. But, despite these 


"This document was released at the International Conference on the Peaceful Uses 
of Atomic Energy at Geneva in August, 1955. 

*Energy in the Future by P. C. Putnam, Consultant to the U. S. Atomic Energy 
Commission,, D. Van Nostrand, Toronto, 1953. 

*The World’s Needs for a New Source of Energy was written by E. A. G. Robinson, 
Cambridge University, and G. H. Daniel, Ministry of Fuel and Power, for submis- 
sion to the Geneva Conference on the Peaceful Uses of Atomic Energy, in August, 
19553 
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differences, they all agree on this: that future requirements are bound to be 
even greater than those of the past; that regional shortages are likely to 
become more, rather than less, acute; and that the price of energy to the 


consumer may not only level off but possibly follow a rising trend over 
the next 25 or 30 years. 


Demand projections are almost as numerous as the historical studies. 
The more optimistic, from an energy supply point of view, anticipate a 
lessening in raw fuel requirements as economic conditions improve. The 
pessimists, on the contrary, remain convinced that the past trends are the 
best guide to the future. They say that energy consumption will go on 
increasing, year after year, and that by 1980 or thereabouts the world will 
be using up its fuel and power resources at three times its present rate. 


Striking a norm between these various projections, we find that the 
world’s energy requirements might go on increasing at a rate of around 
3% per annum compounded. This is equivalent to a doubling demand 
every 25 years—something which, in view of today’s high level of use, 
presumes considerable expansion on each and every front from exploration 
and development right through to distribution and consumption. 


We have already raised the question “Where will all this energy come 
from?” Does the answer still lie with the mineral fuels or will new sources 
be drawn increasingly into the picture? Will these prospective shortages, 
if they occur at all, be worldwide? Or will they, instead, be confined to a 
few isolated areas on this continent and in Western Europe? The answers 
to these various questions have important implications for Canada and we 
will do well to study them. 


Let us start first with an examination of the changing world supply 
picture so that later we will be able to interpret Canadian trends in a some- 
what better perspective. Having done this, the role which the Canadian 
resources may be called upon to play, not only in meeting this country’s 
own needs, but also regional requirements in the United States, may be more 
readily understood. 


Taking the global approach first—a number of easily defined and signi- 
ficant trends are already apparent. As might be expected the non-commer- 
cial fuels, principally forest and farm wastes, have been declining in impor- 
tance. They are of little significance in the more industrially advanced 
parts of the world. In North America and Europe, wood makes up between 
5% and 10% of total energy consumption; in the U.S.S.R., possibly 
20%. But in Africa, Asia and some South American countries, the 
non-commercial fuels still constitute more than 50% of all the energy 
consumed. There it is employed primarily for cooking and _ heating 


purposes. 


The solid fuels, principally fuel wood, anthracite and the bituminous 
coals, while still out in front as the major source of world energy, are stead- 
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ily losing ground to oil, natural gas and hydro-electricity. The petroleum 
fuels together will pass coal sometime before 1960. Oil alone will probably 
head all other fuels by 1965. Past happenings are brought out even more 
clearly by the following table. 


World Consumption of Primary Fuels 
(1929, 1950, and 1953) 


Period Coal Oil Gas Water power Other* 
Percent of world 1929 60 10 3 4 23 
production 1953 45 23 9 7 16 
Percent annual 1929-50 0.5 4.7 6.3 313) 3) 
increase 1950-53 —= 5.0 7.0 Bel — 


“Wood, peat and farm wastes. 
Source: U.N. World Energy Supplies in Selected Years 1929-50. Statistical Papers 
Series J. No. 1, 1953. 


Nowhere has the swing from solid to liquid fuels been more apparent 
over the past half century than in the international trade. Coal, which 
comprised as much as two-thirds of all the fuel traffic moving between 
countries as late as 1929, was down to less than one-third in 1950, oil 
having taken a commanding lead in this respect. One of the contributing 
factors has been the steady trend to oil bunkering and the growing popu- 
larity, especially since the late 1930’s, of motorships. But of even greater 
importance has been the steady decline in the cost of moving oil by pipe- 
line and by tanker to the major consuming areas of the world. This, 
together with its comparative abundance, its long-run decline in price relative 
to that of the solid fuels and its comparable or greater efficiency in use, 
have all contributed to its popularity among energy users everywhere. 


By contrast, the distribution of natural gas and hydro-electric power 
has been landlocked. The organization of these industries, being more 
highly institutional in character, has also had a tendency to confine their 
use to their countries of origin. Only recently, with the advent of the long 
distance natural gas pipeline and the realization that considerable economies 
could be effected by further integration, internationally, of electric power 
systems, have these latter forms of energy begun to enter in any volume 
into the world’s trade in energy. 


At one time, Western Europe was the world’s principal source of export 
energy—mainly coal—the United States following far behind. Now the 
United Kingdom, for one, has become a net importer of coal. The Western 
European economy, as a whole, is roughly in balance, although sizable 


‘Oil is made more efficient in uses involving internal combustion engines. It is 
about equal to coal and much better than wood in most stationary applications. 
The principal exception occurs in modern, high pressure boiler systems. There, as 
in the latest thermal power generating plants, coal may be several per cent more 
efficient in use than the liquid fuels. 
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shipments are, from time to time, being received both from the United 
States and from Iron Curtain countries, particularly Poland. 


Instead of energy moving outward in the form of coal, the situation has 
now been substantially reversed. Oil is now being brought in, not only to 
Europe, but also to the United States and Canada from the Caribbean area 
and the Middle East. The rapid turnabout in the liquid fuel position of the 
United States has been a major development. From the position of being 
the world’s principal exporter of crude oil and petroleum products in the 
1930s, she is fast becoming the world’s leading importer of crude oil and 
the heavier petroleum products. 


Confronted with difficult physical conditions and a chronic shortage of 
mine labour, Western Europe will be hard pressed to maintain its present 
output of coal. Supplementary supplies will continue to be purchased 
from this side of the Atlantic. Yet, with shipping and handling charges 
accounting for a large proportion of the total, there will always be a 
disposition to avoid dollar outlays of this kind. The Communist countries 
being preoccupied with meeting their own energy needs, are not expected 
to assist this situation materially. Local supplies of natural gas are limited, 
and the majority of Western Europe’s better water power sites will have 
been developed by 1970 or thereabouts. Nuclear energy, while it may begin 
to modify the demand for solid and other fuels in the generation of electricity 
within a decade, may not make a significant contribution in other directions 
much before 1980. These are among the reasons why the emphasis in 
the United Kingdom and on the continent is likely to shift more and more 
to oil and to liquefied petroleum gases, produced at relatively low cost and 
transported chiefly by pipeline and tanker from the Middle East. This oil 
and gas will be called upon increasingly to meet the energy needs associated 
with the further expansion of transportation, industry, and commerce in 
Western Europe.” 


The second major supply difficulty centres around the liquid fuel re- 
sources in North America. It has been variously estimated, and with many 
qualifications, that the peak in petroleum production in the United States 
may be reached sometime during the next 20 or 30 years. Natural gas dis- 
coveries, also, are showing signs of lagging behind consumption. In the 
absence of imports, they, too, may be such as to set an upper limit on the 
construction of new transportation and distribution facilities—a phase of 
American economic activity which has achieved spectacular results in 
recent years. This is not to deny that vast quantities of crude oil and 
natural gas will be produced in the years ahead. But it is to suggest that, 
if those American authorities who have been responsible for the preparation 
of such reports as that issued by the President’s Material Policy Commis- 
sion in 1952 are anywhere near the mark, we must expect first a levelling 


5Since 1945 the demand for energy in Europe has been rising at a 5% per annum 
rate; i.e. approximately doubling every 15 years. 
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off and then a gradual decline in the rates of oil and gas production in the 
United States well before the end of the century. 


Should this take place, imports will be necessary on a large scale. 
Deliveries of oil and gas from western Canada will help to relieve the 
situation. But even if these expand considerably, the eastern seaboard 
states would still have to call upon Caribbean and Middle Eastern sources 
to meet a much larger proportion of their over-all requirements than they 
do at the present time. This, in turn, assumes the mobilization of an even 
larger fleet of ocean-going tankers. It also assumes that strategic and 
other considerations will not be allowed to interfere with the rationaliza- 
tion, on a truly commercial basis, of the world’s trade in petroleum. 


Under freer trading conditions, North Americans will be bidding, and 
bidding increasingly, against Western Europe for crude oil from the 
Middle East. On the other hand, should the present United States policy 
of restricting imports from outside the Western Hemisphere persist, demand 
on this continent will be focussed upon a relatively small and possibly 
diminishing resource base. Shortages may develop more rapidly and, being 
protected from world competition, production costs on this side of the 
Atlantic could rise more rapidly than would otherwise be the case. 


The tendency, then, would be for this more expensive oil to be confined 
to its more essential uses. Research, meanwhile, would be directed more 
towards the production of liquid fuels from such alternative sources as the 
oil shales, bituminous sands and the various grades of coal which North 
America possesses in abundance. An examination of the present pattern 
of use suggests that of the many applications crude oil now serves, half 
could be supplied from these alternative sources. This is true, at least in 
so far as physical feasibility is concerned. However, this would probably 
result in higher prices to the consumer. 


The gasoline, kerosene, and the lubricants for fuelling and otherwise 
servicing North America’s vast fleet of motor vehicles, aircraft and other 
motive equipment will continue to be produced, in large measure, from 
crude oil found and produced in the conventional manner. Other demands, 
such as residual space heating and the fuelling of diesel engines, which 
provide a premium market for the middle distillate oils, may also have to 
be supplied in this manner. But the use of crude oil products for process 
heating and steam raising could well be curtailed in the interests of better 
conservation. At the present time, well over one-half of all the fuel oil 
being consumed on this continent is being burned up by heavy industry, 
boilers, and in the production of electric power—uses which, assuming 
some further increase in price, could equally be served through the use of 
coal or through the substitution of liquid products derived from oil shale, 
bitumen, or the destructive distillation of coal itself. 


Already this up-grading of the freely occurring oils is taking place. 
Petroleum refinery equipment, techniques, and operating procedures are 
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continually being redesigned and reorganized with this end in view. As a 
consequence, the yield of residual oil has been falling steadily. More of 
the heavy ends are being converted by catalytic cracking and reforming 
into the lighter middle distillate and gasoline range. The economic incen- 
tive is already there. It has taken the form of higher prices; prices which 
the user can well afford to pay because of the higher over-all efficiency of 
the equipment which he can employ using these more highly processed 
fuels. 


The incentive provided by higher prices is also leading to better conser- 
vation practices and recovery techniques. Less natural gas and fewer of 
the natural gas liquids are wasted in the production of crude oil. More oil 
is also being withdrawn from the ground. Yet even today considerably 
less than half of all the oil in place in the average reservoir is being 
brought to the surface. Careful investigation has shown that, depending 
upon the character of the host rocks, 70% or 80% may eventually be 
reclaimed. Thus with the more intensive use of such techniques as con- 
trolled fracturing, gas repressurization and artificial water drives, “recov- 
erable” reserves might be as much as doubled without a single new barre] 
of oil being found. Much of this additional oil, futhermore, may be 
produced with only a modest increase in cost. 


Continual advances are also being made in respect to exploration and 
development. The turbodrill, in particular, offers economies which may 
offset increased costs of looking for oil in more remote areas and at greater 
depth. Proponents of the turbodrill claim penetration rates of four to 
five times faster than those of rotary drills and more effective utilization of 
drilling equipment and crews. Better geological information and technolo- 
gical advances in respect to such modern aids as the airborne magneto- 
meter will have similar effects. These advances together with the develop- 
ment of still more efficient means of overland and water transportation 
will help to keep the price of oil more or less in line with that of most other 
commodities. 


Natural gas, long a by-product of the search for crude oil, has only now 
really begun to come into its own. At one time it was burned wastefully 
to produce carbon black? or sold on long-term contracts to bulk industrial 
users. Now, however, it is diverted more and more into such higher price 
applications as space heating, cooking, the heat treatment of metals and 
the production of organic chemicals; or fields where quality, cleanliness and 
ease of control are of paramount concern. Such market factors, together 


‘The authors of the Paley Report thought it possible to increase the recovery of oil 
in many places from the current 40% to over 70% using various recovery techniques 
including water drive, expanding gas-cap drive and dissolved gas drives. This, they 
stated, could be accomplished with only a “modest” increase in cost. 

7Carbon black can be made much more efficiently from residual oil. The use of 
natural gas for this purpose is therefore being discouraged in most producing areas 
in North America. 
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with the compulsion borne of the rapid growth of consumption relative to 
proven reserves in the United States, has helped to bring this about. Long- 
term contracts, written when a great deal of natural gas was still being 
flared in the fields and long-distance construction costs were but a fraction 
of what they are today, have had a delaying effect. Yet, with the incentive 
provided by new and higher priced markets and the concern reflected in 
government regulations, a steady upgrading is taking place. 


In moving to market it has come into competition with oil, particularly 
the middle distillates. Off-season, and in areas where it is being introduced 
for the first time, it has had to vie for outlets with the heavier and lower 
priced petroleum products as well. In most places it has gone, it has 
displaced coal. It has hit coal hard in the retail market, where sales for 
space heating to residential and commercial customers have been particularly 
important. It has had an impact not only in secondary manufacturing, 
where energy in a concentrated gaseous form is particularly desirable, 
but also in heavy industry. In the case of sales to power producing utilities, 
the return per unit of volume is much lower, but such outlets have often 
been necessary for pipeline and distribution system load balancing purposes. 


As time goes by, the volume of natural gas moving into these lower 
grade applications will probably decline relative to total consumption. 
Where geological conditions are suitable, underground storage will take 
the place of dumping sales of off-peak gas. Premium prices paid by those 
industries which can afford to pay more for gas as a fuel will reduce the 
necessity of always having to operate long distance pipelines at or near 
their maximum capacity. Less gas, as a result, will be sold in direct com- 
petition with residual oil and with coal, on a wholesale basis. This unique 
form of energy, in other words, will be used more selectively, and this, in 
turn, will help to reduce the drain on reserves which would otherwise take 
place in circumstances where price had less to do with the over-all allocation 
of the markets for fuels. 


Many of the same uncertainties which apply to the long-run future of 
crude petroleum supplies on this continent also apply in respect to natural 
gas. Their prospects indeed are interrelated. At the present time about 
one-third of all the gas production comes from oil wells. Many straight 
gas discoveries, furthermore, have resulted from the search for oil. Ob- 
viously, as exploration and development on the latter account are intensified, 
more gas will become available. : 

But the search for natural gas, as such, will be stepped up. With rising 
prices, the results may be impressive. There is every bit as much energy 
in the ground in the form of natural gas as oil. Drilling to greater depths 
and in geologically favourable areas will tend to increase the gas-to-oil 
ratio. Eventually production and consumption of gas and oil will ‘begin 
to approximate each other. Yet, because of oil’s present marked lead, it 


RESOURCES, TECHNOLOGY AND THE FUTURE 


may be several decades before natural gas is making its full contribution in 
this respect. 


As a major source of energy the natural gas liquids can be regarded as 
comparative newcomers. Yet they, too, offer a substantial reserve for the 
future. On the average, one barrel of natural gas liquids has been found 
for every six barrels of crude oil discovered on the North American 
Continent. Improved recovery procedures and methods of handling have 
steadily increased their usefulness. Their era of long-distance transmission 
by pipeline and by ocean-going tanker is only now commencing. Like 
natural gas, engineering and market developments may therefore see these 
resources being brought to bear on energy markets whose distance from the 


source of these liquid fuels formerly made their servicing appear inconceiv- 
able. . 


Shale oil will probably be the first of the more intractable petroleum 
resources to supplement the better known liquid fuels in use today. In 
volume they are tremendous. It has been estimated that the oil content of 
the oil shales located principally in Colorado, Wyoming and Utah are far 
in excess of currently proven crude oil reserves. Also, recent experiments 
by the United States Bureau of Mines show that liquid fuels can even 
now be made from oil shale at a cost not far out of line with that involved 
in producing petroleum products in the conventional manner.® 


Canadians naturally enough, are much more interested in the potentialities 
of the bituminous (tar) sands of northern Alberta. These, geologists fre- 
quently quantify as containing oil in amounts ranging from 50 billion to 
250 billion barrels of possible reserves. The upper figure, incidentally, is 
greater than the world’s already proven crude petroleum resources. Here 
again production cost data are available. Estimates issued by the Province 
of Alberta in 19502° indicated that, using already established methods of 
mining and processing, oil could be produced and delivered at a price within 
20% of the crude oil currently being recovered by conventional methods 
in western Canada. More recent experiments suggest that, within the next 
decade, petroleum products may be recovered economically from the tar 
sands and transported by pipeline to markets in the Prairies, on the West 
Coast and in the vicinity of the Great Lakes. 


Here, as in the case of the oil shales we are envisaging a large-scale 
mining-cum-manufacturing operation. New operating techniques must be 


°Reserves of shale oil amounting to more than 500 billion barrels were reported 
by the U.S. Bureau of Mines in their publication Oil Shale—A Chapter from Mineral 
Facts and Figures published early in 1956. Proven U.S. crude petroleum reserves, 
by contrast are in the order of 40 billion barrels. 

°The Paley Report Vol. V, states on page 108 “synthetic gasoline from shale is 
estimated to cost up to 25 to 30% more than gasoline from present-day crudes, with 
opportunities for cutting costs further as technology advances”. 

See The Development of Alberta’s Bituminous Sands by S. M. Blair, issued by the 
Province of Alberta, December, 1950. 
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developed and vast amounts of capital invested in machinery and equip- 
ment. The highly localized and remote character of these deposits will 
also present problems of transportation and marketing. New pipeline 
systems will have to be laid and many of the advantages inherent in the 
marketing orientation of present-day refineries will have been lost. These 
considerations, together with the fact that continual improvements in min- 
ing and processing techniques will have to be made in order to keep abreast 
of the gradual decline in quality of the source material will tend to prevent 
such unconventional sources as the oil shale and tar sands from supplying 
the bulk of North America’s energy needs. 


Coal, because of its relative abundance, may also join the bituminous 
sands and oil shales as an important source of liquid fuel. Though the 
high volatile bituminous coals are most satisfactory, other grades can also 
be used for this purpose. Most petroleum products ranging from the heaviest 
to the lightest oils can be made from coal using several different processes, 
all of which will doubtless be improved by further investigation. Suitable 
cost data, however, are hard to come by. Such as are available suggest that 
until conversion efficiencies can be improved and the problem of by-product 
disposal overcome, coal will not present a major threat to the more con- 
ventional sources of petroleum products.1 


Attempts at gasifying coal aimed at yielding a practical substitute for 
natural gas have been more successful. Experiments initiated in Germany 
in the interwar period and under active study in the United States promise 
to make this hope a reality. Employing oxygen, the price of which has 
declined considerably over the last 10 or 15 years, and working at high 
pressures a high heat content gas can now be produced. Most types of coals 
can be used for this purpose. Pulverized prior to treatment, using a fluidized 
bed technique, they can be converted entirely to the gaseous state. The 
problem of by-product and disposal, including even that of coke, is there- 
fore overcome. If necessary, manufacturing operations of this kind can 
therefore turn out a product which, because of its comparatively high heat 
content, can stand long-distance transmission. Used primarily to supplement 
natural gas around 1965 or 1970, coal in this way may be used much more 
extensively toward the end of the 20 or 30-year period which we have 
under review. 


“Considerable research was carried out in the United States by the coal: and oil 
industries during the period of 1947-50. These programmes were subsequently dropped 
because the production of gasoline from coal appeared to be too expensive relative 
to crude oil as a source. Similar researches were pursued by the U.S. Bureau of 
Mines. This was also curtailed in 1953. The results obtained by the industry and 
by the U.S. Bureau of Mines indicated that costs up to three times that presently 
encountered using crude oil might be involved in the large-scale production of gasoline 


from coal either by the hydrogenization (Bergius) or the gas synthesis (Fischer- 
Tropsh) processes. 


RESOURCES, TECHNOLOGY AND THE FUTURE 


Of the lot, water power is perhaps the most limited resource. Many of 
North America’s lower cost and more favourably situated hydro sites have 
already been developed. Only in Canada and, to a lesser extent in the 
United States Pacific northwest, is this continent’s remaining potential both 
large and economic. Also, since the demand for electricity is, if anything, 
tending to accelerate, it appears the majority of these resources will have 
been exploited by 1980 or thereabouts. 


For this reason, and because the generation of electricity by burning 
coal at the pithead is not possible in many areas, some of the larger utilities 
have begun to invest heavily in nuclear energy. That there is adequate 
source material there can be little question. The energy content of the 
presently known uranium reserves is many times that of coal, oil and 
natural gas combined. Pilot reactor processes have already demonstrated 
the physical feasibility of burning nuclear fuels to produce first sensible 
heat and then electricity. The cost and particularly the timing as to when 
these conversion processes will become economic are, however, more open 
to question. Though information presently available on this subject has not 
yet been backed up by operating experience, it would appear that the first 
nuclear power plants might become commercially “competitive” in eight to 
ten years time. First employed in the high-cost fuel areas of the Continent 
which are also deficient in water power, they may, with improvements, find 
much wider application after 1970. 


As a result of the progressive upgrading of oil and natural gas, the 
shortage of suitable hydro resources, and the comparatively slow buildup 
possible with nuclear energy, coal by 1980 might well be on its way to 
regaining its present relative position as a source of energy in North 
America. Not only will this be true of the more highly industrialized areas 
of the northeastern United States and Ontario but it may also be occurring 
in places where such coal as is available can be strip mined at relatively low 
cost and converted into gas or electricity nearby. 


Of course, the sequence of events may be quite different from that which 
we have envisaged. Peak petroleum production, even on this continent, 
may not be reached until well after 1980—perhaps around the year 2000. 
Natural gas may still be an abundant resource relative to consumption half 
a century from now. The costs involved in producing petroleum products 
from oil and shale in the United States and from the bituminous sands in 
western Canada may have been reduced to the point where these resources 
have begun to make an appreciable contribution to our energy needs. And 
the difficulties involved in building and running not only nuclear power 
stations, but also nuclear fuel fired boilers, may have been exaggerated. 
Even solar energy, despite the fact that its use might be confined to the 
southern states, may also have begun to qualify as a commercial source of 
energy. These various resource qualifications together with a possible 
slowing down of the over-all demand for energy, could lead us to somewhat 
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different conclusions particularly in so far as the 20- to 30-year demand 
for coal is concerned. 


Yet one thing, at least, seems certain: energy in its more desirable forms, 
such as hydro power and natural gas, will be used more selectively. Other 
sources, not the least of which is nuclear energy, will have to be applied to 
the lower priced, large volume applications which they are vacating. There 
can be no doubt that these supplementary sources of fuel and power will 
be available. But the real question is, “At what cost?” This can be answered 
only after making a more thorough examination of prospective developments 
in respect of the supply of and demand for energy in Canada, the United 
States and elsewhere. 


A COMMENTARY ON PRICES 


IN CIRCUMSTANCES where demand is pressing persistently on supply, price 
tends to rise. Usually it increases in real as well as current dollar terms. 
On the supply side, rising costs may also be a contributing force. More 
goods and services are employed in producing the commodity in question 
and its market price, reflecting these pressures, moves upward relative to 
that of other things. 


This test can be applied to energy. Consumption over the past decade 
has been rising at an unprecedented rate. The search for additional re- 
sources, meanwhile, has been extended to new fuels and outward toward 
more distant sources of supply. Costs, as in the case of other commodities, 
have risen in current dollar terms. Yet energy price changes, when com- 
pared to the price changes which have taken place with respect to other 
goods and services have been less than is generally realized. 


The situation varies, of course, from country to country and from region 
to region. In the more highly industrialized parts of the world real price 
has tended to rise. In others, and particularly in circumstances where in- 
digenous sources of supply have recently been discovered, it has fallen in 
the relative sense. In Western Europe energy costs have generally tended 
to go up. This has been true particularly since 1939. The United States, 
though its energy price level is still far below that of most other countries, 
is faced with a similar situation. In Canada, on the other hand, the price 
of energy has tended to fall relative to that of other goods and services. 


The improvement in the supply situation in Canada, as opposed to that 
in the United States, is illustrated by the following table. It shows the 
relative price of fuel energy declining in Canada and increasing in the United 
States over the past two decades. 


Relative Price of Fuel Energy 
In Canada and the United States 


(1925-55) 
Country 1925-29 1930-34 1935-39 1940-44 1945-49 1950-54 1955 
Canada 96 129 100 79 89 84 87 
United States 95 95 100 96 108 112 113 


“Price at source divided by wholesale price index for all commodities in index number 
form, 1935-39=100. 
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It is necessary to look beyond these composite price indices and examine 
the movements which have occurred with respect to individual fuels and 
electricity if one is to understand their true meaning. In the United States 
the inflationary trend in mineral fuel prices has been largely due to coal. As 
shown in the accompanying chart Relative Prices of Fuel and Power in 
Canada and the United States 1900-55, the real price of coal has been 
trending upward ever since World War I. The price of oil, meanwhile, has 
remained comparatively stable. Those of natural gas and electricity have 
actually declined relative to other goods and services. Were we to employ 
relative price as a guide, we would conclude that coal, alone among the 
mineral fuels, was in comparatively short supply. Despite the fact that North 
America’s remaining resources of liquid fuels and water power are said to 
be limited, there is little evidence in past cost or price data to indicate that 
the United States is in danger of exhausting these desirable energy sources 


within a decade or two. 


Canadian price data differ from those of the United States in several 
respects. Until recently the wholesale price of fuel in this country was much 
the higher. (See chart, Bulk Fuel Cost Areas—Canada-U.S.A.). Only in 
respect to water power has Canada enjoyed a long-term price advantage. 
Recently, however, the source prices of both oil and natural gas have fallen 
to a point where they were in line or somewhat below those prevailing in the 
United States. Only in the case of coal have prices at the mine remained 
substantially above those quoted in the United States. The over-all cost of 
energy in any one economy depends also upon the relative amounts of differ- 
ent fuels employed. Now, with the contribution of coal falling relative to 
that of the liquid fuels and water power, the average price paid for energy 
in this country is tending to move downward toward the North American 
average. 


Trends in price at the source are one thing; price movements at the retail 
or consumer level may well be different. With the advent of the large, special- 
ized collier, the oil tanker and the large diameter pipeline, the unit cost of 
transporting energy has fallen. The records of the United States Inter-State 
Commerce Commission applying to trunk oil line operations in the United 
States show that rates have declined by better than 50% since the late 
1930’s.1. The construction of long distance natural gas lines and higher volt- 
tage power transmission systems have had similar effects. As a result price 
differentials in many consuming areas have been reduced; either that or 
energy deficient areas have been able to draw more economically on ‘distant 
sources of supply. 


‘The records for trunk lines of the United States Inter-State Commercial Commission 
show that when unit transportation charges are converted into constant money values 
they are seen to fall from approximately 60¢ per barrel per 1,000 miles in 1938 to 
approximately 24¢ per barrel per 1,000 miles in 1955. 


A COMMENTARY ON PRICES 


Various Canadian retail price series confirm the view that the delivered 
cost of energy has either remained stable or tended to decline relative to the 
price of most other commodities. Manufacturing plants in this country 
currently pay about the same in real terms as they did in the late 1920’s. 
Since 1939 the delivered cost of fuel and power (combined) has fallen to 
a level about 15% below that paid by most Canadian manufacturing con- 
cerns in the immediate prewar years. 

(i.e. cents per million B.t.u. when related to the wholesale price index.) 


Trend in Delivered Price of Energy 
to Manufacturing Plants? 
(Canada 1933-53) 


1926 1929 1933 1937 1939 1944 1946 1948 1953 
(est.) — (est.) 


Cost in cents/ 
million 
B.t.u. 47 45 36 35 36 43 46 55) 64 
Wholesale 
price index 
1935-39 
=100' | 130 125 87 108 99 ‘Bit 139 193 DO 


Real price” 37 36 41 ay) 36 33 38) 28 29 


“Such data as are available for the United States (1929-47) suggest that there has 
been little change in the real price of energy delivered to manufacturing plants in 
that country. In passing it is also interesting to note that the average price paid per 
million B.t.u. has ranged between 40% and 80% higher to Canadian as compared to 
American manufacturing plants. 


‘Delivered cost of fuel and power at factory divided by wholesale price index for all 
commodities in index number form, 1935-39 = 100. 


This highly generalized series results from the interplay of various forces. 
The fuel mix has been changing. Oil and electricity, (both of which are 
generally more expensive per B.t.u.) have been gaining on coal. This tends 
to give an upward bias to the later figures. Secondary has been growing 
relative to primary manufacturing in Canada. Because plants in the former 
category are generally smaller and use energy less intensively they usually 
pay more per B.t.u. for their fuel and power. During the past 20 to 30 years 
a number of pulp and paper mills and smelters and refineries have located 
and then expanded in remote areas of the country. This has also helped to 
inflate the average delivered price of energy to Canadian manufacturing 
establishments. Hence one can argue that the laid-down cost of energy has 
probably fallen farther than the above series would indicate.” 


Wholesale prices reported by large energy users in a number of Canadian 
cities also tend to confirm the view that the delivered cost of energy has 


"For further details see the table entitled Trends in the Delivered Price of Energy to 
Various Canadian Manufacturing Industries, Canada 1926-1953. 
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RELATIVE* PRICES OF FUEL AND POWER 


5 Sa 


CANADA UNITED STATES 
: : € = S Sak oS 


40 “20 “30 40 “50 1960 1900 10 “20 “30 "40 “50 
* CURRENT PRICE AT THE MINE OR WELL DIVIDED BY THE WHOLESALE PRICE INDEX FOR ALL PRODUCTS 
ELECTRICITY PRICES ARE FOR “LARGE POWER® CATEGORY ONLY. 


1960 


1926 =100 


BULK FUEL COST AREAS — CANADA - U.S.A. 


CENTS PER MILLION BTU DELIVERED 


EE 40-50 
35-40 
SSS 30 -35 
FEE] 2-30 


FE} 20-25 
15 -20 
MAA 10-15 


A COMMENTARY ON PRICES 


61 


62 


ROYAL COMMISSION ON CANADA’S ECONOMIC PROSPECTS 


tended to decline over the past 20 to 30 years. The index published by 
the D.B.S. for all types of fuel and power (including fuelwood), while it 
appeared to rise sharply during the late 1920’s and early 1930’s, has since 
fallen by an even greater amount. The drop over the past 25 years has been 
in the order of 40% of the average wholesale price prevailing during the 
interval 1930-34. 


The price paid by householders in Canada has roughly paralleled those 
prevailing in industry. While the national cost of living index (1935-39 
= 100) rose from approximately 122 in 1929 to 187 in 1955 the compon- 
ent index for fuel and lighting increased from 113 to 152. The over-all 
index, in other words, has gone up by nearly 50%; that of energy used in 
households by something like 40%. It is also interesting to note in this 
connection that the real price paid by householders for coal has gone up by 
about 10% and that for fuel oil remained comparatively unchanged during 
the past quarter century. Meanwhile the cost of both electricity and natural 
gas to the average Canadian home owner has been cut to about half of the 
price level prevailing in the late 1920’s. 


As the foregoing data do not take into account such consumer benefits 
as result from the adoption of more efficient fuel burning or power using 
equipment, energy put to effective use is clearly becoming a less expensive 
commodity. 


In the following chapter certain basic assumptions have been made as to 
the future course of prices. In the main they follow from the historical cost 
and price trends outlined here. For the record (and in the interests of clarity) 
the assumptions employed are listed here: 


(1) that the real price of coal at the mine in the United States will tend 
to level off and in Canada show a modest decline over the next 20 
to 30 years; 


(2) that the price of crude oil at the field in the United States will begin 
to rise relative to other commodities in the 1960’s, but will not be 
more than 20% above its present level in 1980. Meanwhile, the 
combined costs of exploration, development and production of oil 
in this country may remain unchanged; 


(3) that the price of natural gas as reflected in new contracts at the 
field in Canada may approximately double and that the source in 


the United States may rise by about 50% in real terms over the next 
25 years; 


(4) that the delivered price of electricity will fall by a further 10% in 
the United States and rise by 10% to 20% in Canada over the next 
quarter century; and 


(5) that the delivered price of fuel energy will rise by 10% to 20% in 
the United States and fall by a comparable amount in Canada during 
the 20- to 30-year period under review. 


PART B 


THE ENERGY-SUPPLYING INDUSTRIES 


THE FUEL AND POWER INDUSTRIES IN PERSPECTIVE 


A GREAT deal that is descriptive has alread ybeen written about Canada’s 
individual fuel and power industries. Much less has been said, however, 
about their contribution, collectively and one as opposed to another, within 
the framework of the Canadian economy. Some discussion along these lines 
is essential if we are to obtain a better understanding of the role which coal, 
oil, natural gas, water power, nuclear energy, etc., are likely to play in 
respect to the nation’s future development. 


Until quite recently the solid fuels have been dominant. Coal and wood, 
together, supplied more than half the nation’s primary energy requirements 
as late as 1950. Oil passed coal for the first time in 1952. Water power 
moved ahead of wood in 1951. Natural gas, though it shows considerable 
promise, is still in fifth place. That the Canadian economy, in 1955, was 
still heavily dependent upon the same forms of energy as have been in 
widespread use for more than a half century is apparent from the accom- 
panying tables and charts. 


Consumption in primary form is one thing. Effective utilization is often 
quite another. The real contribution made by hydro-electricity is much 
greater than any analysis of inputs will show. Losses in generation, trans- 
mission and distribution constitute a much smaller percentage of produc- 
tion than is the case with fuels. In total, they may amount to no more than 
20%. The input-output relationships with respect to the fossil fuels would 
indicate a much lower level of efficiency. Depending upon application and 
the types of equipment employed, losses in their case may vary anywhere 
from 40% to as high as 95%. A tabulation of the latest (1953) data per- 
taining to consumption by source and effective utilization brings out these 
relationships quite clearly. (See Chart: Consumption of Energy in Canada 
1900-1955.) 
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Canada — Energy Effectively Used — 1953 


(in millions of tons of coal equivaient) 


Effective Losses Losses as 

Commodity Supply utilization % of 

supply 
Coal 38.5 14. 24.5 63 
Oil 41 16. 253 61 
Water power 8 es 8 10 
Fuel wood 6 1.8 4.2 70 
Natural gas 4.5 DS 2.0 45 
Total 98 41.5 56.5 57. 


CONSUMPTION OF ENERGY IN CANADA 1900-1955 
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Of equal, if not greater, interest is the degree of dependence upon external 
sources of supply. Traditionally, this country has been an importer of fuel. 
As late as 1950, some 60% of all the energy in Canada had to be brought 
in from outside. Nearly two-thirds of the coal was mined in the United 
States. Three-quarters of the crude oil was produced in the mid-continent 
area of the United States, California, Venezuela and the Middle East. Refined 
petroleum products were imported to the extent of 20% of consuimption. 
Only in respect to water power, fuelwood and natural gas could Canada be 
said to be substantially self-sufficient. 


As a result of the discovery of oil in western Canada and the displacement 
of coal from a number of its old-time markets, the extent of this dependence 
upon foreign sources is changing. By 1960, Canadian-produced oil and 
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natural gas will be available to at least half of the nation’s population. A 
surfeit of natural gas liquids in western Canada and the availability, after 
1965, of nuclear energy will also serve to curtail imports. Yet—and this 
applies with some force to southern Ontario, Quebec and the Atlantic re- 
gion—there will be a continuing need to import energy in both its raw and 
semi-processed forms. American coal will certainly be needed for the gen- 
eration of thermal power in southern Ontario. Also, it will be purchased in 
some volume by heavy industry in the central provinces. Oil refineries in 
Quebec and the Atlantic region will, in large measure, continue to rely on 
imported crude. Petroleum products to the extent of 10% or 15% of 
Canadian consumption may also continue to be purchased abroad. 
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Yet, on balance, and largely for geographical reasons, Canada may become 
a net exporter of energy. The nation’s as yet undeveloped fuel resources, 
although confined largely to western Canada, are tremendous. In what fol- 
lows, it is suggested that the nation’s commercially recoverable crude oil 
reserves may ultimately approach 50 billion barrels; that those of natural 
gas may amount to several hundreds of trillions of cubic feet and that coal to 
the extent of 30 billion tons can be mined at or at about, present day costs.1 
Leaving out of account such potential resources (i.e., resources which are 
not commercially recoverable using present day methods) as the Athabasca 
tar sands of northern Alberta? and much of the lignitic and sub-bituminous 
coal which underlies much of the western Prairies, these alone are sufficient 
to meet present Canadian needs for something like a thousand years. Even 
if the total demand for energy in this country should rise at a rate of some- 


4In terms of coal equivalent 50 billion barrels of oil=11 billion tons; 300 trillion 
cubic feet of gas=11 billion tons coal equivalent. 

*The tar sands, if taken as containing 300 billion barrels of oil, equal 66 billion tons 
coal equivalent. 
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thing like 5% compounded annually, they would be adequate to cover 
Canadian requirements for several centuries. 


Only on the power side must qualifications be made. The majority of 
this country’s larger and more accessible hydro-electric resources, though 
extensive, will have been largely developed by 1980. Certainly, the best 
sites will have been harnessed by then. Electricity from thermal sources may 
be more than competitive on the Prairies. Elsewhere, it is to nuclear 
energy that the rest of Canada must ultimately turn. Hence this novel and, 
to all intents and purposes, unlimited source may eventually be required 
to play a major role in the providing of electricity for residential, commercial 
and industrial purposes. 


In general, supply is unlikely to be a matter of national concern; at least 
during the next quarter century. Rather, it is to the qualifying conditions of 
availabity that we must address ourselves. One is markets. Large volume 
outlets, in most cases, are a prior condition to efficient development. Another 
is a high prospective return on sales. Both of these conditions must be favor- 
able before the capital required to finance, develop, and distribute this energy 
will be readily forthcoming. Fortunately for this country, the export possi- 
bilities with regard to oil, natural gas, and water power are such as to 
facilitate both the launching and, if necessary, the recapture of much of 
this capacity for Canada. 


THE COAL INDUSTRY 


Section I: Introduction 


Coal, the fuel which sparked the Industrial Revolution, is at the cross- 
roads. In many parts of the world, the day of the small, independent pro- 
ducer is coming to an end. Large mining corporations, tied contractually 
or corporately to other types of industrial activity and capable of planning 
their output for many years ahead, are taking their place. The number of 
retail outlets engaged exclusively in the marketing of coal are also on the 
decline. Larger tonnages are being sold to power generating utilities, 
metallurgical concerns and chemical manufacturing plants. A new industry 
is therefore emerging. Capable of raising large amounts of capital for 
forward development and at the same time geared to demands which are 
more predictable, more specific as to quality and less subject to displacement 
by other fuels, it is assuming a structure which is corporately and financially 
quite different from that which characterized coal production and marketing 
up to the outbreak of World War II. 


The tempo with which these changes have been taking place has varied 
from one nation or region to the next. Many parts of the world possessing 
their own supplies of oil and natural gas now employ coal closer to the mine 
than formerly and mainly in the lower price categories of use. This is the 
case in the United States where the transportation and space heating markets 
have largely been taken over by the liquid fuels and electricity. They have 
been less evident in the United Kingdom and certain other countries in 
Western Europe where coal is the only indigenous energy resource. There, 
acceptance of the various grades of fuel oil has come more slowly. 
Vehicular transportation has long been predicated upon gasoline: but power, 
and to a lesser extent industrial production, is lin ed much more closely to 
the rate at which coal can be produced. 


It is against a background of full employment that coal has been found 
most wanting. The creation of additional underground mining capacity 


69 


70 


ROYAL COMMISSION ON CANADA’S ECONOMIC PROSPECTS 


involves considerable forward planning; often years for its comple- 
tion. Therefore, unless a goodly supply of coal can be won by strip-mining 
methods, supply responds more slowly to demand than is generally the case 
with oil and natural gas. Coal prices during periods of sustained economic 
expansion have also tended to rise relative to those of other goods and serv- 
ices. Under these circumstances, the other sources of energy have not only 
become more competitive in price but frequently have been the only ones 
available to ensure a steady measure of economic growth. 


This has been the experience of most of the coal based economies in 
Western Europe since 1945. Similar conditions were encountered in the 
United States between 1940 and 1949 and in Canada as late as 1952. Many 
industrial consumers, wishing to ensure themselves of an adequate fuel 
supply and at the same time hoping to improve their bargaining position, have 
therefore been tempted to install dual-firing equipment so they could switch 
readily from coal to oil or from coal to natural gas at comparatively short 
notice. 


While competition has become more intense, demands of a more per- 
sistent character also appear to be emerging. Various of the heavier indus- 
tries have begun to search for and obtain reservations on deposits which 
can be mined cheaply and are, at the same time, not too far from the 
principal markets for their products. Many of the larger steel producers are 
blocking out large reserves of coal with good coking and other metallurgical 
properties. The aluminum industry has recently located much of its new 
smelting capacity in areas where electricity can be produced reasonably 
cheaply from coal by thermal means. Certain chemical companies, intrigued 
by the wealth of organic substances which can be made synthetically from 
coal, have also been buying up deposits where sub-bituminous and lignitic 
coals can be mined mechanically and at comparatively low unit cost. 


All agree that the world’s resources of crude petroleum and natural gas 
are limited by comparison. Another 50 or 100 years could see their exhaus- 
tion; an eventuality which would become much more imminent were the 
potential liquid fuel producing areas of Asia to be denied to the West for 
political reasons. In some parts of North America the situation is even 
more pressing. Here the ill effects of resource depletion might begin to put 
in their appearance before 1980. Many experts in the oil industry predict 
that the cost of finding crude petroleum may begin to mount relative to that 
of other goods and services in the 1960’s or 1970’s. Natural gas, though 
more abundant relative to demand, may also be more expensive to find and 
produce a quarter century from now. Nuclear energy, because its initial 
contribution may be confined to the production of electricity, offers but a 
partial escape from this dilemma. Coal, therefore, may regain some of its 
former importance both as a source of heat and as a chemical raw material. 
First through the medium of electricity and, later, as a source of synthetic 
liquid fuels and gases it may re-enter a number of industrial, commercial 
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and residential applications which it once supplied, though less conveniently, 
in solid form. 


In recent years the pace of technological development has increased. A 
number of technical innovations have encouraged rather than detracted from 
the use of solid fuels. Special earth and rock moving equipment have been 
devised for coal and other types of mining. They have facilitated the re- 
moval of over-burden and therefore rendered economic the strip mining of 
coal seams of lesser thickness and at greater depth. Drag lines, large capacity 
power shovels and giant diesel powered, off-the-road trucks have also helped 
keep on-site labour costs at a minimum. Underground, the mechanization of 
cutting, handling and conveying coal has yielded similar though more often 
less spectacular results. 


Improved methods of preparation have also increased the marketability 
of coal both to heavy industry and to the electric power producers. Improved 
collier loading and unloading facilities, and shipping designed and used 
specifically for the purpose are helping to reduce costs of movement. Over- 
land conveyor belt and pipeline systems built to operate continuously and 
at or near full capacity may go even further in this direction. Yet even more 
important are developments at the user level. Due to improvements in 
consideration of efficiency, less wastage is being reported in industry and 
the heat rate of thermal power stations is continuing to rise. Meanwhile, 
user equipment, designed specifically for the purpose, has enabled the lower 
ranks of coal (including coal which was formerly abandoned as waste), to 
be burned, and burned economically. 


Because of these developments, unit energy costs rather than such former 
considerations as to lump size and ash content are becoming the main 
determinants of use. More consumers are making their choice in terms of 
the delivered price of coal per B.t.u. They also require a degree of uniformity 
consistent with the specially designed equipment which they have ordered 
for their purpose. Beyond that they are indifferent as to whether the coal 
is anthracitic, bituminous or even lignitic in rank. 


This comparative freedom of choice on the part of the user has important 
regional implications. Areas which were formerly at a disadvantage because 
they lacked deposits of coal of a given quality are now able to employ their 
lower rank and usually more accessible material to advantage. Western 
Canada, because it possesses extensive deposits of sub-bituminous and ligni- 
tic coals which can be strip mined mechanically and at comparatively low 
unit cost, is already benefiting from this broad trend in utilization. 


There are exceptions of course. Good quality coking coal is becoming 
scarce. This is true not only in Western Europe but also in those producing 
areas of the eastern United States from which most of Canada’s steel mills 
have been drawing their supplies. A concerted attempt is therefore being 
made to press some of the poorer quality but more widely occurring coals 


71 


a2 


ROYAL COMMISSION ON CANADA’S ECONOMIC PROSPECTS 


into use. Blending is common practice and other blast furnace feeds are 
being adapted to the more extensive use of run-of-mine qualities. These 
practices, though their penalty can be minimized, are leading inevitably to 
higher energy costs. Fortunate are such areas as western Alberta and south- 
eastern British Columbia which possess extensive deposits of an increasingly 
valuable resource of this kind. 


But now we are beginning to discuss coals which are anything but wide- 
spread in their occurrence and which, as the pace of industrialization 
increases, are likely to earn an even better return in the markets of the 
world. They are materials which, by themselves, are insufficient to attract 
new industries. Other natural resources, not the least of which are coals of 
other ranks and degrees of accessibility, must also be present. With this in 
mind, we will do well to discuss the general location and quality of the 
Canadian, North American and world solid fuel resources before going 
more deeply into an assessment of the longer term demand for coal as a 
source of energy in the Canadian economy. 


Section II: Canada’s Coal Resources in Perspective 


It is useful, at the outset, to obtain some understanding of the extent and 
location of the nation’s coal resources. Having done this, and having 
assessed them in relation to those elsewhere, the reader is in a better position 
to evaluate two things: namely, why coal, like nuclear energy, is one of the 
great reserves for the future; and why, in the struggle for markets which has 
been going on over the past half century, Canada’s coal mining industry— 
and particularly the underground mines—has encountered serious com- 
petition not only from oil and natural gas but also from imported coal. 


Reserve statistics can be misleading, especially where international com- 
parisons are involved. Definitions as to quality often differ from one 
country to the next. So does the concept of what is economically recoverable 
coal. Downward revisions have often been dictated by experience; particu- 
larly experience which shows that, through the workings of the market, 
coal which at one time could be mined and sold at a profit is no longer 
commercially attractive to produce. 


Canada’s case is a good example. This country’s reserves, which were 
placed over 1,200 billion tons in 1913, are now thought by our federal and 
provincial geologists to be in the vicinity of 94 billion tons. This 90% 
reduction would take a good deal of explaining were it not for the fact that 
the former estimate was a first approximation of the total amount of coal 
believed to occur in the ground within the very broad limits set for the depth 
and thickness of the seam. The latter estimate, obtained by using much 
narrower limits of seam depth and thickness, is more realistic and more 
nearly represents the amount of coal that could be mined profitably using 
present-day techniques. 
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Several qualifications are necessary before our coal reserves can be com- 
pared with those of other fossil fuels. Of the total reserve of 94 billion tons 
it is estimated that about two-thirds, classified as probable, can reasonably 
be expected to exist as mineable coal. The remaining one-third, classified 
as possible, has a lesser degree of certainty of existing as mineable coal and 
for various reasons its recovery is more problematical. Both the probable 
and possible reserves are further reduced when it is realized that because of 
pillars that must be left, and because of other losses in the mining process, not 
all coal in the ground can be made available above ground as a marketable 
fuel. Thus the recoverable-probable reserves are estimated to be about 30 
billion tons* 


Estimating difficulties notwithstanding, it appears that Canada possesses 
a relatively small, though still significant, proportion of the world’s coal 
resources. The latest available publication of the United States Geological 
Survey indicates that they amount to approximately 2% of that reported by 
all countries taken together.? In this respect Canada is overshadowed by the 
United States, in that the United States possesses something like 36% of the 
earth’s total recoverable resources. Neither is it in the same category as 
the U.S.S.R. with 24% or China with an estimated 20%. This country’s 
reserves are more comparable with those of the larger Western European 
producers. Compared to Canada’s 94 billion tons a recent report issued by 
the Geological Liaison Office in London® shows the United Kingdom to 
possess about 150 billion tons of reserves. Poland is known to have about 
80 billion tons. Australia, which is much more dependent upon coal produc- 
tion than Canada, has estimated resources totalling 45 billion tons. 


In respect to quality, a somewhat different picture emerges. The geologists 
tell us that, as far as the coals of medium and lower rank are concerned, the 
scales are tipped heavily in favour of North America. They also say that 
more than half of the world’s known bituminous coal deposits are in the 
United States and Canada. The Communist countries of Eastern Europe 
and Asia, on the other hand, can boast of two-thirds or more of the harder 
coals principally anthracite. At one time this would have been a disturbing 
admission. But now with heavy industry, and particularly the electric power 
utilities, willing to take anything from the brown earth-like lignites through 
to the harder and more combustible bituminous grades, the situation appears 
to be more reassuring. 


Canada, with its reserves of bituminous and lignitic coals, though little 
anthracite, is favoured by this turn in events. It is fortunate in another 
respect as well. Among the bituminous coals, those with good coking quali- 


1At the current rate of mine output this would last the industry nearly 2,000 years. 
*See Coal Resources of the United States, U.S. Geological Survey Circular 293, October, 
1953. 

*See Coal Resources of the British Commonwealth issued by the Geological Liaison 
Office, London, 1956. 
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ties are increasingly in demand. Other things being equal, it is to them 
that many of the world’s metallurgical industries must go in search of raw 
material. Historically they have become a focal point for the production 
of primary iron and steel and, through steel, a host of other metal-producing 
and metal-using industries. Western Canada, in contrast to many parts of 
the United States, is fortunate in having a goodly supply of these premium 
quality coals in sight. As in the case with many of the nation’s other re- 
sources, however, geographic as well as market considerations will continue 
to exert a moderating influence upon their rate of exploitation. 


First as to the nature of this country’s deposits. Canada’s coal reserves are 
predominantly bituminous in rank. Some 15% is of low volatile bituminous 
rank; 31% is of medium volatile bituminous rank; 17% is of high volatile 
bituminous rank; 9% is sub-bituminous in character and 28% is classified 
as lignitic. The medium volatile group is of greatest interest for it is here 
that the best coking coals are likely to be found. Only occasional deposits of 
anthracite are known to exist and these have been found in the more moun- 
tainous country of British Columbia and Alberta. 


In volume terms about 95% of the nation’s coal is to be found west of 
Winnipeg. Much of it occurs in Alberta, although both British Columbia 
and Saskatchewan can also boast of substantial reserves. A glance at the 
accompanying map will show that they underlie much of the Central Plains 
and extend beyond the foothills westward well into the Rocky Mountains. 
Throughout the Western Cordillera frequent occurrences have also been 
reported. Over this vast area, the character of the deposits varies consider- 
ably with coals of the highest rank generally being found in the more highly 
faulted and disturbed sedimentary strata which characterize the more moun- 
tainous country to the west. There, geological conditions have also favoured 
over great periods of time the formation of medium and low volatile bitum- 
inous coals. Proceeding eastward into country in which past conditions of 
nature have been less arduous, one encounters the high volatile bitum- 
inous coals of the foothills, then the extensive flat-lying deposits of sub- 
bituminous coal which are found at moderate depths throughout much of 
central and southern Alberta. Finally, there is the lignitic coal of southern 
Saskatchewan. Also lying close to the surface, it is being mined in increas- 
ing amounts for power production and other industrial purposes. 


The mountain-building movements of past geological time, while they 
have helped to raise the rank of the coal, have also tended to increase the 
difficulties encountered in its recovery. On the one hand they have brought 
to the surface deposits that would otherwise have been under too great a 
cover. Seams have even been exposed, which, together with considerable 
thickening, has made them suitable for recovery by low-cost strip mining 
methods. Meanwhile, the attitude and waste content of other seams have 
become such as to present offsetting mining and marketing problems. These 
may be steeply inclined; or the seams may be cut off or severely thinned 
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by faults and folds. At the same time crushing may have made the coal 
unworkable or have resulted in a surplus of fines, off-grade or otherwise 
difficult to handle material in amounts over and above that which could be 
sold to large manufacturing plants and power utilities within easy distance 
of the mines themselves. 


Mining problems, such as those referred to above, are not generally 
encountered in the Plains coalfields where the seams are frequently hori- 
zontal and more uniform in thickness. There it is possible to win much of 
the coal by stripping methods in which large power shovels and draglines 
remove 20 to 50 feet of overburden to expose the raw product. It is under 
conditions such as these, where extensive mechanization is possible, that 
coal mining has continued to flourish despite mounting competition from 
nearby sources of fuel oil and natural gas. 


The coal reserves of eastern Canada amount to less than 4% of the 
nation’s economically recoverable resources. These reserves are located, for 
the most part, in four coalfields: the Sydney coalfield on Cape Breton Island, 
(the most important field in the Maritimes); the Cumberland coalfield and 
the Pictou coalfield on the mainland of Nova Scotia; and the Minto coal- 
field in New Brunswick. The remainder are small and widely scattered. The 
coal known to exist in the Atlantic Provinces is bituminous in rank but there 
is considerable variation in its quality. Some of it exhibits good coking 
qualities but because of its high sulphur content its suitability for metallur- 
gical purposes is reduced. 


In Nova Scotia, all of the coal must be obtained by underground mining 
methods. There all of the more readily accessible material has been recov- 
ered. In order to reach what remains, the mines must be extended down- 
ward and outward. Where this also involves submarine workings, additional 
complications arise. Usually such mining and sub-surface transporation 
costs as are encountered tend to place the coal produced in eastern Canada 
at a disadvantage when competing with imported oil and the more cheaply 
mined coal from the eastern United States. 


In New Brunswick all production, about 80% of which comes from strip 
mines, is obtained from a single thin seam in the Minto coalfield. This 
material has a high ash and sulphur content, which prohibits its use for 
coking purposes. It does, however, find a market in industry and in the 
generation of electric power by thermal means. About three-quarters of 
the province’s annual production is being used for this latter purpose. At 
its current level of output the remaining life of the Minto coalfield is esti- 
mated to be about 75 years.* 


‘By contrast, the Sydney coalfield in Nova Scotia has a remaining life, at present 
rates of production and percentage recovery, of about 200 years; that of the Spring- 
hill and Joggins areas, also in Nova Scotia, of about 100 years. 
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No discussion of our coal reserves would be complete without some refer- 
ence to the location, quality and extent of the coal reserves of the United 
States. As will be seen from the accompanying map, the coal deposits of the 
United States are widely distributed, and large areas of coal lands are 
present in or near all parts of the country except the Pacific coast region. 
These deposits include a variety of coals ranging from anthracite to lignite. 
The area east of the Mississippi River contains 40% of the total reserves, 
most of it being of the higher rank bituminous coal with some anthracite 
deposits concentrated mainly in eastern Pennsylvania. This same area 
accounts for over 90% of the United States production with most coming 
from the Appalachian Basin which extends from Ohio and Pennsylvania to 
northern Tennessee. Extensive deposits of bituminous coal have been out- 
lined in Iowa, Illinois, and a number of the other midwestern and south- 
central states. It is this coal, select pockets of which lend themselves readily 
to coking and other industrial purposes, which helped the United States 
supplant Great Britain as the world’s leading industrial power in the 1890’s. 
It is this coal which provided the foundation upon which the dynamic 
economy of the early 20th century America was built. And it is the same 
fuel which, for over 50 years, has been flowing in increasing volume into the 
homes, stores, factories and power plants of Southern Ontario and Quebec. 


As one proceeds westward, the United States appears to be in a less 
favourable position. Granted the reserves are even larger in tonnage terms; 
but they are, at the same time, lower in rank. There the lignitic and sub- 
bituminous coals are much more in evidence. Also, it usually happens that 
the better grades are to be found as one proceeds northward into Canada. 
This is true particularly of the coking varieties and of the sub-bituminous 
coal in mineable quantities which are located within several hundred miles 
of the Pacific Ocean. 


These qualitative considerations, together with the fact that western Can- 
ada’s extensive coal resources are favourably located with regard to future 
west coast trade, have interesting implications. Demand for metallurgical 
and other industrial purposes will eventually increase both in the United 
States Pacific Northwest and in California. A goodly proportion of these 
needs can best be met from Alberta and B.C. sources. This being the case, 
we may one day witness a reversal in the preponderance of the north-south 
trade in coal which has grown up between Canada and the United States 
over the past 75 years. 


Thus, as with oil and natural gas, the geographical distribution of reserves 
may tend to move in Canada’s favour as the centre of gravity of North 
America’s population, commerce and industry, moves westward across the 
continent. Imports in the east may eventually be offset by exports in the 
west—an exchange of coal which, if it materializes, will redound to the 
greater advantage of both countries. 
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Table 9 

COAL RESERVES BY PROVINCES 

(millions of short tons) 

Mineable Recoverable Total 
Province Probable Possible Total Probable Possible Total by % 
Nova Scotia 1,797 1,190 2,987 899 595 1,494 Bu 
New Brunswick 84 — 84 Dil — Sil 0.1 
Ontario 100 50 150 50 25 75 0.2 
Manitoba 34 67 101 7 34 Sil 0.1 
Saskatchewan Sy A27/ 11,004 24,131 6,563 5.02, 12.065 Ses 
Alberta 34,438 13,437 47,875 IFS 6,718 23,937 50.7 
British Columbia 10,937 6,388 17E825 5,468 3,194 8,662 18.3 
Yukon 416 1,432 1,848 208 716 924 1.9 


Canada total 60,933 33,568 94,501 30,475 16,784 47,259 100.0 


SOURCE: Geological Survey of Canada, March, 1956. 


Definition of Terms 


In the foregoing estimates not all coal in the ground is considered to be 
a reserve; only that which occurs within certain well-defined limits. 


Mineable Coal 


This is coal that is considered to exist in mineable thicknesses within a 
specified distance from the surface. These thicknesses are, in turn dependent 
upon such factors as the quality of the coal, the price that it can command 
in the market, mining methods, and availability of transportation. Since these 
factors vary from one locality to another, each coalfield has to be consid- 
ered by itself, recent experience being taken as the principal criterion of 
mineability. 


For Nova Scotia the estimate includes coal of a minimum thickness of 
three feet with not more than 4,000 feet of cover, (except for the Joggins 
coalfield where seams of a minimum thickness of two feet are included, and 
for the Springhill coalfield where one seam is included to a depth of 4,500 
feet). For New Brunswick, seams averaging not less than 18 inches to a 
maximum depth of 100 feet are included. The estimates for Ontario, 
Manitoba and Saskatchewan include seams not less than three feet thick to 
a maximum depth of 500 feet. 


Alberta sub-bituminous coals are estimated on the basis of seams three 
feet or more in thickness with not more than 1,000 feet of cover. The esti- 
mates of Alberta and British Columbia bituminous coals include seams not 
less than three feet in thickness with a maximum depth of cover of 2,500 
feet. The reserves of British Columbia lignitic and sub-bituminous coals, 
and all coal in the Yukon are on the basis of seams not less than three 
feet thick with a maximum depth of cover of 1,000 feet. 
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Recoverable Coal 


This is the amount of mineable coal that will likely be brought to surface. 
In few operations is it usual to recover 80% to 90% of the coal in the seam. 
In some instances it is as low as 20% of the mineable coal. In respect to 
Canada as a whole the extent of recovery averages about 50% and, therefore, 
the recoverable coal is assumed to be 50% of the mineable coal. 


Probable Coal 


This includes coal which by direct mining experience and by drilling, 
continuity to existing workings and areas drilled, or extensive geological 
data, can be reasonably expected to exist. 


Possible Coal 


This is coal (in addition to the probable coal) knowledge of which is 
based on limited geological data. Its recovery, furthermore, is problematical 
due to inferior quality or relative inaccessibility, or both. 


Section III: Background and Current Structure of the Coal Mining In- 
dustry 


Coal mining in Canada, as we know it today, is more than a century old. 
While frequent references are found in the log books of the early explorers, 
traders and fighting ships, the recovery of coal in the Maritimes had previ- 
ously been a gathering operation. Lumps of coal were picked up along the 
shore or cut away from outcrops a short distance inland as and when the 
occasion required. In those days, coal still had to come into its own as a 
source of heat and power. Also, mining was initially prohibited by law. 
Thus the edicts passed by the central government in London for a time 
served to protect the coal mining industry in the old country from com- 
petition overseas. 


The advent of the steam engine, and particularly the steamship and the 
steam locomotive, provided the first real incentive to production. It was 
largely responsible for the growth of the coal mining industry in Nova 
Scotia after 1830 and for the opening up of the first Alberta deposits in the 
1880’s. The initial efforts at mining on Vancouver Island similarly were 
aimed at the production of steam coal. There as in the Maritimes, export 
opportunities provided the necessary impetus, and operations got under 
way as early as 1850. 


The fate of Canada’s early export trade was bound up with the changing 
regional structure and growing competitive strength of the other North 
American producers. For more than a quarter century after 1855, Nova 
Scotia coal was sold down the east coast of the United States. Free entry 
resulted in increased shipments which, by 1865, accounted for more 
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than two-thirds of the total output of these eastern Canadian mines.* 
Abrogation of the Reciprocity Treaty between Canada and the United States 
in 1866 marked a turning point however. Thereafter, and influenced by 
increasing competition from the richer and more conveniently located coal- 
fields of the Appalachian Region, these exports began to fall off. High capa- 
city coal-carrying railroads subsequently laid between the West Virginia 
fields and the Atlantic seaboard allowed these U.S. sources to capture and 
hold export markets which had been served for a time from Nova Scotia. 


Coal movements southward from British Columbia, while more persistent, 
were finally arrested and then extinguished for other reasons. Heavy oil, 
originating in California, soon captured most of the railway and industrial 
markets along the west coast after it was discovered in 1910. Moving north- 
ward by tanker, it also took over much of the ships’ bunkering trade—a 
revolution which was assisted materially by the virtual conversion of the 
world’s shipping fleet to oil in the late 1930’s and 1940’s. Rising costs of 
production and a paucity of new deposits also contributed to the closing 
down, after World War II, of most of the mines on Vancouver Island. Over 
the past 25 years wood wastes like sawdust and later oil have dominated 
fuel production of the west coast. 


Thus sales outlets internal to Canada became of increasing importance. 
Complementing the railway building boom, sales to iron foundries, steel mills 
and the first sizable machinery and equipment manufacturing plants also 
helped to expand output. Artificial gas production for street lighting gave 
an added boost to coal consumption after 1890. The new pulp and paper 
mills of the 1920’s and the metal smelters and refineries of the 1930’s also 
added to coal’s opportunities at home. Residential and commercial space 
heating employed less wood and more domestically produced coal year 
after year until the late 1940’s. Thus, with the railways leading the way, 
mounting Canadian requirements served to support an industry which, from 
its very beginnings, was faced with competition from external and internal 
sources of supply. 


In the years immediately after Confederation, Nova Scotia coal began to 
move in increasing volume westward into Quebec and Eastern Ontario. A 
50¢ a ton duty imposed in 1879 on imported coal helped. Yet, carried 
chiefly by water in the months when the St. Lawrence River was open to 
navigation, this business suffered both from its seasonal character and from 
persistent offerings from overseas. Timber ships returning from the United 
Kingdom with coal as ballast gave the latter a strong competitive advantage 
in the more lucrative space heating and industrial markets of Central Canada. 
Yet, this interregional trade grew and, by 1914, some 2,000,000 tons of 


*Exports in 1865 from Nova Scotia to the United States amounted to some 640,000 
tons. Ten years later they had fallen to 90,000 tons following the imposition of a 
$1.25 per ton tariff. 
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Nova Scotia coal were being shipped annually up-river past Quebec City 
to Three Rivers and Montreal. War, after a comparatively few months, 
brought this hard-won business grinding to a halt. The diversion elsewhere 
of water transport under military priorities and, later, the submarine menace 
thus dealt a heavy blow to this struggling industry. Whereas more than 
one-third of Nova Scotia’s total coal output had been shipped to markets else- 
where in Canada a few years previously, sales outside the province had 
fallen to minor proportions by 1918. 


The industry’s recovery in the early 1920’s was assisted by strikes in the 
United States. Maritime production was needed in applications which 
otherwise might have resisted a return to Canadian coal. Also, as improved 
techniques of combustion were developed, a number of the newer and larger 
fuel using industries in central Canada were able to consume greater quanti- 
ties of fine coal in the form of slack. This was indeed helpful to the industry 
in that it was thereby able to expand its sales of material which was not up to 
the standard of the premium grade screened coals demanded by the railways 
and by residential, commercial and small-to-medium industrial users located 
within the effective orbit of Maritime mining operations. 


After 1928, assistance in the form of transportation subventions also 
began to be effective. This help from the federal government, together with 
continuing tariff protection and a well-planned sales campaign subsequently 
won further markets in the central provinces. This happened despite the 
Great Depression. Indeed, by 1936, as much as three million tons of Nova 
Scotia coal were being shipped up the St. Lawrence; one million tons of 
this was moving on past Montreal into Ontario. 


World War II brought with it a repetition of the events which had 
beleaguered the industry some 30 years earlier. War demands for Sydney 
steel and for bunkering reduced the tonnages available for the St. Lawrence 
movement. Then, early in 1942, the submarines struck once more. The 
collier fleet, already partly requisitioned for other purposes, was virtually 
destroyed by torpedoing. From then on, such movements of Maritime coal 
as did take place to the central provinces became dependent upon and were 
seriously limited by railway and ferry connections. The mines, now with 
high inventories, soon went on short time. More of the younger and more 
active miners were recruited into the armed forces. Many never returned 
to their former occupation. 


As was the case after World War I, a period of marketing difficulties and 
reorganization followed the end of hostilities. This time they have, if any- 
thing, been prolonged. Adequate shipping has continued to be in short 
supply. Water transport costs have therefore continued to be heavy. Having 
deteriorated under the stress of war, the physical conditions of the mines 
themselves have required a great deal of re-planning and re-equipment. The 
more modern types of machinery used elsewhere have rarely been found 
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suitable. Special measures have therefore had to be taken. Slowly labour 
productivity has crept back to the levels attained in the interwar period. Only 
during the last 12 to 18 months have there been signs that the long-run 
disabilities of the region are being overcome. Output per man-day is again 
edging upward. As a result, pithead costs are beginning to subside from 
their all-time high reached in 1953. 


Out west, wartime conditions had a different effect. Shortages of coal in 
the United States during and immediately after World War I forced con- 
sumers as far east as Winnipeg to use Alberta coal for the first time. Once 
captured many of these outlets were retained. Transportation subsidies in 
the 1930’s also helped to reinforce this trend. As a result British Columbia 
and Alberta coal began to be used more extensively in northern Ontario. 
Sporadic shipments even found their way to Sudbury and Toronto. Con- 
ditions since the early *40’s have been less favourable. During World 
War II the shortage of railway cars dictated that they be used elsewhere than 
on long hauls of this kind. United States coal was therefore brought in over 
much shorter distances to serve industry and other consumers in Ontario. 
During the last decade many of these markets have continued to rely on 
imports. Users in central Canada, having become accustomed to regular 
deliveries and high standards of quality, have been loath to convert to the 
more expensive western Canadian products. Thus United States coal has im- 
proved its position both in heavy industry and in respect to the production 
of thermal power in the more heavily populated areas of Ontario south and 
east of Sudbury. 


The plight of Canada’s coal mining industry has not gone unheeded. 
Throughout much of its history, it has enjoyed a measure of protection 
from shipments from foreign sources. Import tariffs were invoked as early 
as 1879. Averaging out at around 50¢ a ton, they were designed initially to 
protect operations in Nova Scotia. With some moderate changes, they have 
been retained in order to help the mining industry at both ends of the country 
meet competition from United States coal in Quebec, Onfario and Manitoba. 
Freight subventions and export subsidies were also introduced during the 
late 1920’s to keep the existing mines operating at or close to capacity. 
Applied uniformly across the country, they have helped to move Maritime 
and Alberta coal into central Canada and some Nova Scotia production to 
be sold overseas. 


Despite this assistance, imports have, over the long run, grown relative 
to Canadian production. One of the causes has been the progressive con- 
centration of industry and commerce in the central provinces. The centre of 
gravity of the domestic energy market has, in other words, been shifting 
gradually away from the Canadian mines. This has worked to the advan- 
tage of American producers; the majority of whom are more favourably 
situated in this regard. Another cause has been the relative improvement 
in productivity attained by the American mines. Always higher than the 
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Canadian average (see chart: Bituminous and Lignite Coal Canada-U.S. 
Comparisons), they have been gaining relative to the Canadian pits ever 
since the 1930’s. Mine price discrepancies are also substantially greater 
than they were 20 or 30 years ago. Finally, there has been the incursion 
of oil. Moving from or past the Canadian sources of coal, it has benefited 
from more efficient pipeline and tanker movements. All of these factors, 
together with continuity of supply in wartime, have therefore worked toward 
a reduction in Canada’s dependence upon internal sources of supply. 


With the cost of coal at the mine in Canada tending to average out at a 
level appreciably above that in the United States and a lack of shipping 
together with rising rail freight rates presenting an even greater handicap, 
increased subsidies have had to be forthcoming if the industry was to regain 
some of its former outlets in Quebec and Ontario. This, in fact, is what has 
happened. Following the principle of helping Canadian coal to meet the 
laid-down price of imported coal at a number of the central points, federal 
expenditures on this account have risen considerably. In the vicinity of 
$500 thousand in the late 1920’s, they have since been stepped up to a 
figure in excess of $10 million annually. Subvention payments in respect to 
Nova Scotia coal which amounted to 80¢ a ton in 1950 have now increased 
to approximately $3.15. Total payments on this account in 1955 were in 
excess of $8 million. The remaining moneys have largely been paid out in 
the form of assistance to the western Canadian coal operators. Thus, for the 
fiscal year 1954-55, the Dominion Board reports that Saskatchewan coal 
was assisted to the extent of 86¢ per ton; that of Alberta and British 
Columbia to the equivalent of $2.79 a ton. Currently, such exports as move 
out of west coast ports receive a subsidy equivalent to 75c a ton. Mean- 
while shipments from Nova Scotia overseas to the United Kingdom, the 
Low Countries and Germany are being aided to the extent of approximately 
$2 a ton. 


Over the years the structure of Canada’s trade in coal has changed, some- 
times in one direction, sometimes in another. Up until about 1910, domestic 
output continued to run well ahead of imports. But during World War I, 
and to an even greater extent during World War II much greater dependence 
had to be placed upon supplies from the United States. This recent shift 
in favour of foreign sources of supply is illustrated by the following table. 


1900 1925 1935 1940 1945 1950 1955 
Imports as a % of 
domestic supply 43.0 SLY 48.5 52.6 64.0 61.3 58.4 


Canadian production, meanwhile, has shown a moderate upward trend 
being interrupted only three times—during the 1914-18 war, in the mid- 
twenties and during the depression of the 1930’s. By 1939 the industry 
had largely recovered from its latest setback and output reached new all- 
time peaks during World War II. The entire growth over this period, it 
should be noted, came from greater output on the Prairies and along the 
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eastern fringe of the Rocky Mountains. On the other hand, the highest level 
of production reached on the west coast was achieved prior to 1910 and, in 
Nova Scotia, only a few years later. 


The above figures relate to over-all trends and, therefore, conceal what 
has been happening to the various grades of coal. Anthracite, which still 
accounts for about 10% of Canadian consumption, has been almost entirely 
imported, mostly for space heating purposes.® Most of it has been consumed 
in the central provinces and has come from the hard coal fields of Pennsyl- 
vania. Only during the 1930’s, when shipments from the United Kingdom 
and other overseas sources began to match those of the United States has 
this inward flow tended to show any material change from its traditional 
pattern. 


Coke, meanwhile, has been preponderantly the product of Canadian 
furnaces both inside and outside the steel industry. Imports have, at times, 
been received in considerable volume. They have risen rapidly in recent 
years. Yet, in this case, Canada has also continued to do a fairly large export 
business as well. These outgoings have, in the main, been from ovens located 
around the Crow’s Nest Pass region of southeastern B.C. and have been 
destined for nearby metallurgical industries located in the Pacific northwest 
states. 


Section IV: Problems and Possibilities 


Compared with the other fuel producing industries on this continent, coal 
mining has been in difficult straits. Real costs, if not continuing to rise, have 
merely levelled off. Meanwhile returns, as measured in constant dollar prices 
at the pithead, have shown a short-run tendency to decline. Caught in this 
squeeze between a continuing high level of expenditure and dwindling in- 
come, a number of the smaller and less efficient mines have had to close 
down; others, to operate at less than capacity. 


These influences have had their greatest impact on underground opera- 
tions although the tonnage won by strip mining methods has also shown a 
tendency to fall off in certain areas. Total output in western Canada, for 
example, has declined by about 40% since 1948. Coal production from the 
underground mines in both Alberta and southeastern British Columbia is 
now lower than at any time in the past half century. In Alberta alone, 16 
mines were abandoned in 1955. By contrast, the coal mining industries in 
both Saskatchewan and the older Atlantic provinces have fared much better. 
Strip mining of lignite south of Regina, largely for industrial purposes, has 
increased steadily. A rising demand for thermally produced power is also 


‘The import tariff on coal entering Canada is 50¢ per ton. It applies only to bitumin- 
ous grades. Anthracite coal and coke, under the GATT agreements of 1948 have 
been permitted free entry. 
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causing records to be broken in New Brunswick. In Nova Scotia, only two 
important pits have, so far, been closed. Production, due more to physical 
difficulties than to a decline in the market for coal, is currently about 10% 
below the postwar high achieved in 1950. 


However, the outlook in the Maritimes is far from certain. Further 
mechanization of the face and marked improvements in loading and in 
underground transportation equipment have helped to minimize certain 
costs and to offset others. Yet even greater progress will have to be made 
if the eastern Canadian mines are to acquire new industrial and power 
markets in competition with oil—outlets which are essential if the prospective 
fall in coal sales to the railways and for space heating purposes are not to 
result in a decline in their over-all operations. 


The most serious obstacle which the Maritime producers have to over- 
come are the physical conditions underground. Differing considerably from 
those which characterize the principal producing fields in Pennsylvania and 
Ohio, they set a practical limit upon the amount of coal which the average 
miner, using the best equipment available, can raise to the surface each day. 
The following statements contained in a submission to this Commission by 
Mr. L. A. Forsyth, Q.C., President of the Dominion Steel and Coal Com- 
pany Limited, are descriptive of these conditions: 


(1)“At the Sydney Coal Field, the seams are gassy and roofs and 
pavements weak. Almost all operations are carried out under the 
sea, necessitating long roadways and much maintenance. The loss 
of time in transit amounts to nearly two hours daily between the 
surface and the working faces.” 


(2)“The operations of the Acadia Coal Company are also beset with 
physical difficulties. The seams pitch steeply, are extremely gassy, 
and roofs and pavements require heavy support and much main- 
tenance. In addition, the coals are liable to heat spontaneously.” 


(3)“At Springhill the seams pitch steeply. Also they are gassy and 
the roofs require much support. Where pavement and roof are 
sound, the workings are subject to bumps, necessitating special 
precautions in the laying out of workings or the avoidance of 
certain coal-bearing areas altogether.” 


These physical conditions have made it well-nigh impossible for the 
companies concerned to utilize much of the equipment which is available 
elsewhere for mechanized mining. Instead, special machinery and equip- 
ment has had to be developed which is consistent with the long-wall system 
of mining—a system better suited to the mining of these deposits than the 
room and pillar sequence commonly employed elsewhere in North America. 
Inherent in this practice are greater costs of roadway construction, operation 
and maintenance. This, together with the need to make proportionately 
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heavier investments in long distance underground haulage facilities, has 
resulted in a cost structure that is both higher and more rigid than those 
characteristic of the more favourable mining areas of western Canada and 
the northeastern United States. 


Besides the problems of mine maintenance, machine development and 
high transportation costs underground, there has been a growing need to 
treat the coal above ground. The newer and larger volume markets frequently 
call for fuel of a uniform size and composition. Central cleaning and 
blending plants are therefore necessary. To be most efficient, they must be 
built on a scale consistent with available markets. If they are overbuilt, 
their carrying charges will also add, unnecessarily, to the cost of production. 
In an industry in which the prospective market volume may fall off, rather 
than increase, such problems as market development, financing and plant 
optimization are bound to be difficult. 


The penalty of distance to markets is greater in the case of coal than in 
respect to oil and natural gas. It can be reduced considerably by water 
movement. However, during the postwar period, colliers have rarely been 
available at rates and in the numbers necessary to carry a large proportion 
of the Nova Scotia coal up river to Three Rivers and Montreal. A specially- 
built collier fleet incorporating the latest types of loading and unloading 
equipment would help to retain certain industrial outlets in Newfoundland 
and eastern Quebec. The cost of overland movement by rail might also be 
reduced by selling coal in trainload lots to large-volume users including 
those purchasing fuel for the production of electric power. More coal might 
also be converted into electricity at the pithead. Generally speaking, how- 
ever, transportation considerations are such as to limit the future market 
for Maritime coal to industrial and power applications in Nova Scotia, New 
Brunswick and industrial centres on tidewater in Quebec. 


Another influence which has its disturbing as well as its reassuring aspects 
is the increasing efficiency with which coal is being put to use. Coal operators 
everywhere are faced with the necessity either of encouraging greater econ- 
omy in the burning of coal or of risking the loss of most, if not all, of their 
business to other sources of supply. In one application after another, it has 
become a choice between the lesser of two evils. Greater efficiency in use 
usually means a short-run decline in volume of sales. Yet it may possibly 
keep an industry on coal when to do otherwise would almost certainly cause 
it to choose oil or natural gas instead. By embarking deliberately on such 
a course, the coal mining industry is at least retaining to itself a more. stable 
and a more lasting market for its output than would be the case were it 
to ignore the advantage of employing more efficient coal-using equipment 
altogether. 


The changing nature of the market has also had repercussions as to 
quality. The demand for lump coal is falling off. No longer are the “better 
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grades” capable of earning such high prices. Too much water or too higit 
an ash content still invites a penalty. Sulphur is also undesirable, particu- 
larly in metallurgical operations. However, wet high-ash and high-sulphur 
coals can be, and are being, used indiscriminately in the production 
of electricity. Undue friability, a characteristic which at times has limited 
the use of western Canadian coal, is also less significant. Assuming that the 
price is right, equipment can be designed or simply bought to handle bulk 
energy in these forms. Uniformity, but uniformity at a low price, therefore 
appears to be the dominant influence in so far as the marketing of future 
Canadian coal production is concerned. 


This uncertain picture is somewhat at variance with the longer run pros- 
pects which many technologists hold out for coal. Besides its relative abun- 
dance, they point to the wealth of organic materials which it contains. It 
has lost out on grounds of quality in the past but it need not always be 
offered in the solid form. This handicap is already being overcome in its 
conversion to electricity. As a gas or liquid, it could be employed in an 
even wider range of applications. The benefits of automation which are 
presently accruing to the oil and gas industry could thereby be turned to the 
advantage of coal at a much earlier stage in its production. 


The ultimate, of course, is gasification in the ground. A great deal of work 
has been done on this in the United Kingdom, the United States and Soviet 
Russia. Pilot installations have operated with some success in each of these 
countries. However, their economic advantages have yet to be proven. The 
resultant gas is low in calorific value. Hence it will not stand transmission 
over considerable distances. Also, each new coalfield presents a different 
set of physical problems. Each must therefore be developed independently. 
A repetition of development expenditures on this scale is likely to be a 
costly proposition. Also, it is ruled out entirely in such coal mining regions 
as those on Cap2 Breton Island in Nova Scotia where the coal deposits, 
themselves, extend out under the sea. 


In this country, more attention is therefore being concentrated on the 
possibilities of gasification at the surface. Using the latest techniques, 
pulverized coal can be partially burned in oxygen to produce a high heat 
value, pipeline gas. Employing a process first developed in Germany and 
subsequently perfected in the United States, coal can, in this way, be com- 
pletely converted into a fluid form. No longer do supplementary markets 
have to be found for coke. By-product chemicals are not necessarily pro- 
duced by this process. Only sulphur need be stripped out and that in 
instances where its content is likely to cause undue corrosion in the gasifi- 
cation plant and pipeline facilities. Fortunately, in most Canadian circum- 
stances, it can be sold at a profit to pulp and paper mills nearby. 


Yet for the over-all project to be worthwhile, the coal must be extra- 
ordinarily cheap at the mine. In western Canada where clean, dry natural 
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gas is readily available, a direct B.t-u. comparison illustrates its lack of 
feasibility there. The coal equivalent price of the natural product is often 
as low as $2 a ton at the field. Besides, allowances would have to be made 
for the cost of building and operating the necessary gasification facilities. 
Oxygen would also have to be purchased in large quantities. Obviously 
the field price of natural gas will have to rise considerably before this type 
of coal-based operation becomes commercially attractive in the western 
Prairie provinces or British Columbia. 


Elsewhere the alternative is the gasification of oil. Crude petroleum and 
any one of its products can be similarly processed with oxygen and any 
one of its products can be similarly processed with oxygen to yield a sub- 
stitute for natural gas. Even residual oil is a less complex substance than 
coal. The necessary gasification plant is therefore less complicated and less 
expensive to build. Both maintenance and operating costs are lower. The 
technology in respect to oil is already well developed. Many an oldtime 
artificial gas producer is now using oil in this way to supplement his 
manufactured gas capacity based on coal. It follows that as long as oil, in 
its cheaper forms, is available at prices comparable with that of coal, the 
former will have a decided advantage in so far as gas production is concerned. 


Eventually, of course, oil as produced in the conventional manner, will 
be running out. Even before 1980, demand in some areas of North America 
may be moving sufficiently ahead of supply to necessitate the production of 
liquid hydro-carbons from alternative source, such as natural gas, the oil 
shales, Alberta’s tar sands and even coal. A good deal of the technology is 
already available. Germany fought the latter years of World War II largely 
on its supplies of coal-based oils. Yet there is also the matter of location. 
Many coals are suitable for this purpose. Those close by North America’s 
principal centres of population and industry will probably be the first to 
be developed with this end in view. Canada’s coal fields, being unfavourably 
situated in this respect, are likely to be passed by, at least for several 
generations. 


To one concerned with the next 20 to 30 years in Canada, the more 
humdrum aspects of production and distribution are likely to be the most 
relevant. In order to cut costs, the number of man-hours spent above 
ground, in transit and in actually digging out the coal must be reduced, and 
reduced substantially. Machinery will perform this task. Yet frequently 
the mine must be adapted to the machine rather than the machine to the 
mine. Continuous mining helps. In many places the modern miner can 
cut more coal than can be effectively hauled away to the surface. Better- 
engineered and more comprehensive conveyor systems are therefore re- 
quired to bring about a genuine speeding up in over-all productivity. Closer 
integration between different pits in the same coal field, and even between 
different coalfields, may also pay dividends in this respect. Central crushing, 
Screening, washing and drying plants can be employed more effectively if 
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they can be operated around the clock. By blending, the output from 
different sources can be converted into a more uniform product. This is 
what the market requires and this is what the coal industry will have to 
provide if it is to resist the continual incursion into its hard core markets by 
oil and natural gas. 


All this requires capital. Planning on a large scale and for many years 
ahead presumes both a high level of investment and comparatively low 
rates of interest. The resultant operations must also promise to be reason- 
ably continuous. Only if this is so can the high carrying charges be met. 
Firm markets of 10 or 20 years duration may have to be contracted in 
advance. Without them, financing may be impossible. This being so, the 
very structure of coal mining appears to be for a change. Only the large 
organizations with strong corporate ties in other fields are likely to survive. 
Meanwhile small, non-integrated mining companies will find it increasingly 
difficult to exist on the basis of spot sales in the open market. 


For a time we may merely witness a continuation of the present trends. 
Coal will be converted more and more to electricity at the pithead. Pithead 
generation, in turn, will tend to concentrate in those areas where coal of a 
uniform quality can best be produced by mechanical methods. Like the 
power utilities, some of the metallurgical companies will also be buying up 
their own captive mines. Their incentive to move to the source of supply, 
however, is much reduced. They may therefore operate at a distance drawing 
their supplies, if at all possible, by water to the continent’s major centres of 
industrial activity. 


Section V: Demand-Supply Trends 1955-80 


For forecast purposes, the nation’s coal requirements have been assessed 
in two quite different ways. Prospective requirements have been estimated 
regionally, province by province, across the country. A separate analysis 
by principal end-use has also been carried out. In both instances the relative 
price movements of alternative fuels have been taken into account as have 
possible trends in the cost of producing and transporting coal from the mines 
to its point of ultimate consumption in this country. The results of these 
two studies, which were subsequently reconciled, point to a marked change 
in the relationship between Canadian production and imports over the fore- 
cast period under review. 


In total, Canadian coals are expected to go on falling until sometime in 
the mid-1960’s. Thereafter, with the demand for coking coal in the nation’s 
steel plants and other metallurgical establishments continuing to expand 
and with the growing need on the part of many electrical utilities to resort 
to thermal sources of power, a reversal may well set in. Progressively 
greater supplies may consequently be called for. Nuclear power if it becomes 
competitive, would moderate this upward trend in the 1970’s. But even if 
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this comes about, consumption of coal in Canada may, by 1975, have passed 
its all time high (recorded in 1948) of 48 million tons. Around 1980, 
and depending upon the ability of. atomic power plants to intercept a por- 
tion of this demand, the nation’s requirements may well exceed 55 million 
and may possibly be approaching 80 million short tons annually. 


These expectations, portrayed in the chart Coal in Canada, 1926-80— 
Consumption by Principal End Use can also be summarized as follows: 


Estimated Consumption of Coal 
by Principal End Use 


(in millions of short tons) 


1955* 1965 1980 

Space heating 8.3 3.0 2.0 

Transportation 6.0 iWee 0.5 

Manufacturing and mining 10.5 10.3 13.0 

Coke making Sy) 8.0 15.0 
Electric power 1.8 6.0 22.5 — 40.0 
All other? ilo 1.8 2.0 — 8.0 
Total consumption 33.8 30.4 55.0 — 78.5 


“Preliminary. 
"Includes colliery use, mine waste and inventory changes. 


As recently as 1950, the two largest uses of coal in Canada were space 
heating and transportation. Residential and commercial uses, the railways, 
and ocean-going shipping together bought more than half of all the coal 
marketed in this country. Over the past half-dozen years, however, a marked 
conversion to oil has taken place. Now natural gas supplemented, particu- 
larly in western Canada, by the natural gas liquids is also making consid- 
erable headway. So much so that, by 1965, conversion to liquid fuels by 
these uses may have effected a 75% reduction in the total purchases of 
coal. (See chart: Bituminous and Lignite Coal Consumption, 1926-55.) 
From buying something in excess of 23 million tons of coal annually in 
1950, consumers in these use categories may have cut their yearly needs 
back to less than five million tons a decade from now. 


Other declines, some of them of a less persistent nature, can also be 
anticipated. With distributors offering natural gas throughout British Colum- 
bia, the eastern Prairies, Ontario and as far eastward as Quebec, the manu- 
facture of artificial gas from coal will be largely discontinued. A number 
of the nation’s older coking plants will, consequently, be closed down or 
simply reserved for peak shaving purposes only. Colliery use and wastage, 
roughly paralleling the output of Canadian mines may also bottom some- 
time in the 1960’s. Industry, too, may take less coal. More manufacturing 
concerns will doubtless convert either to natural gas, offered on an inter- 
ruptible basis, or continue to convert their equipment to the burning of 
residual oil. Also, either or both of these fuels may prove attractive to 
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COAL IN CANADA - 1926-1980 
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concerns whose operations lend themselves to the installation of dual-firing 
equipment. 


Meanwhile, a few industries, particularly those concerned primarily with 
price of energy in bulk rather than quality may follow the opposite course 
—that of stocking coal to carry them round the year. Some pulp and paper 
mills, chemical plants and building material and machinery and equipment 
manufacturers in eastern Canada are cases in point. They will consume coal 
largely as a boiler fuel. Yet, all things considered, it is with the coke using 
metallurgical industries and electric power utilities that the main hopes of 
the coal industry rest. They, and they alone, will make possible the gradual 
return of coal to a position of first rank importance in Canada’s energy 
producing economy some 25 years hence. 


On the supply side, a number of questions remain to be answered. Where, 
in the late 1960’s and 1970’s, will this additional coal come from? Will it 
be supplied substantially from United States sources? Or will Canadian 
mines be able to improve their position relative to imports? Also—and this 
is very important structurally to the industry—what do these trends mean as 
between strip and underground mined coal? It would seem that, with quality 
becoming progressively less important, production from mines of the former 
category would become dominant, particularly in western Canada. 


Due to the limited transportability of coal, our examination of the nation’s 
supply prospects must necessarily be regional in character. Consumption in 
all uses in the four western provinces turned downward for the first time in 
1949. Production in British Columbia, Alberta, and Saskatchewan began 
to drop in the following year. From around 12 million tons in 1950, it had 
already fallen to about eight million tons in 1955. Nor is the period of 
adjustment over. The industry, after a careful review of its markets, has 
recently forecast that its output of all coals—bituminous and lignitic—will 
be less than 5.5 million tons in 1960.7 Our own studies of demand show 
the prospects with regard to sales to be even more limited in the years 
immediately thereafter. Indeed, it is quite possible that, confronted with 
local surpluses of any and all types of fuel, coal production in western 
Alberta and British Columbia may not begin to pick up until 1970 or later. 


Mention has already been made of the growing importance of strip or 
open cut mines. Many of them, developed to gain a quick increase in 
output during World War II, have continued in operation. They and their 
successors, due to lower average costs and the economies which can be 
effected by the latest types of earth and rock moving equipment have taken 
over many of the markets formerly enjoyed by the underground mines. As 
a result, strip mining, which accounted for little more than 20% of western 
Canadian output in 1945, provides more than 50% at the present time. 


“See submission of the Coal Operators Association of Western Canada to this Com- 
mission, dated November, 1955. 


THE COAL INDUSTRY 


BITUMINOUS AND LIGNITE COAL CONSUMPTION 
1926-1955 


CANADA UNITED STATES 


MILLION 
TONS 


MILLION 
TONS 


RESIDENTIAL Av COMERCIAL 
. iia 


iy 


1926 30 ao ‘50 "$6 


RAILROADS 
150 — 


uy 


UNI 


COKE PLANTS 


aa. | 


1926 ‘30 “a0 ‘50 “56 


a OTHER INDUSTRIALS 


fi Pee 


UD 


wl 


1926 30 40 ‘50 "56 


OTTAWA 1956 


95 


96 


ROYAL COMMISSION ON CANADA’S ECONOMIC PROSPECTS 


This, furthermore, is a revolution which is far from being complete. Again 
referring to the brief submitted by the coal operators, it would appear that 
strip mines may account for two-thirds or more of all the coal raised in 
western Canada in 1960. 


For purposes of this report, total requirements in western Canada in 1965 
are placed at some four million tons. By 1980, on the other hand, they 
could be upward of 10 million tons. The growing needs of the electric 
power utilities will make most if not all of the difference. Some may even 
be exported in this form to utilities and other users in the Pacific northwest 
states. One or more steel industries located along the Pacifiic coast could 
also make a substantial difference. Drawing their supplies of coking coal 
from captive mines in and around the Crow’s Nest Pass area of British 
Columbia and Alberta they alone might make possible yearly exports to the 
extent of several millions of tons. 


In the Maritimes, production is unlikely to fall off either as rapidly or as 
far. Market forecasts, prepared by those of the Commission’s staff concerned 
with energy and independently by the industry itself generally point to a 
decline in over-all sales of Nova Scotia and New Brunswick coal of between 
10% and 20% between now and 1960. At the same time pronounced 
shifts. are forecast both as to destination and in respect to end use. Gener- 
ally speaking, however, increased exports overseas and a greater volume of 
sales to the power producing utilities are expected to offset lower shipments 
to the railways and through wholesale and retail outlets to household, com- 
mercial and small and medium sized industrial customers. 


Output thereafter may be maintained at or about the six million ton a 
year level. Pithead real costs, now on the decline, may be reduced further 
by mechanization.’ This should enable the industry to retain more of its 
existing outlets in direct competition with oil. Also, while nuclear power 
may eventually have an application in the Maritimes, it may not be available 
at a price and in plant sizes suitable to local power requirements much 
before 1975. Thus, while oil and other imported liquid fuels may meet 
most if not all of the growth requirements of the region after 1960, locally 
produced coal may be needed in a number of large volume energy consum- 
ing applications in the 1970’s and 1980’s. 


While total Canadian production may be in for a revival after 1970 it 
will, by then, be overshadowed by the great increase in imports which may 
have begun to take place in the middle 1960’s. Ontario thermal power 
plants, alone, may call for some nine million tons of American coal a year 
in 1970; over 20 million tons in 1980. The steel industry in central Canada 
may absorb another 12 million tons 25 years from now. These will be prin- 
cipally coking coals from Pennsylvania and Ohio. Also, because natural 


“See The Nova Scotia Coal Industry by Urwick, Currie Ltd., and published by this 
Commission. 
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gas will be relatively expensive in Ontario and southern Quebec, coal from 
the United States may retain a much larger share of the industrial market 
than has been forecast for western Canada. Facilitated by the completion of 
the St. Lawrence Seaway, these requirements could amount to ten or more 
million tons a quarter century from now. 


Drawn together these expectations as to Canadian production, imports, 
exports and the amount of coal supplied for country may therefore run 
somewhat as follows. 


Estimated Coal Supplies in Canada 
(in millions of short tons) 


1955 1965 1980 
Production 14.6 10.8 16.0 — 24.5 
Imports 19.7 20.0 41.0 — 62.0 
Exports 0.6 0.5 2.0 — 8.0 


Supply 334 30.3 By 0 <2 1185 
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Section I: Introduction 


Measured either in bulk or value terms, petroleum is now the most im- 
portant commodity entering international trade. A relative newcomer, it has 
leapt to prominence over the last half century. Now providing more energy 
than any other source, oil already meets almost half of North America’s 
needs, and is rapidly forging to the front in many other parts of the world. 
For this reason, and because large scale petroleum reserves are known to 
exist in relatively few countries, the discovery of large oil reserves in western 
Canada is of major significance in this country’s economic development. 


There have been two definite phases in the use of petroleum, and a third 
is under way. The first, which began soon after 1860, might have been 
called a kerosene economy. Light petroleum fractions were soon accepted 
as a cheap and efficient substitute for coal oil. Other fractions, which make 
up the rich and complex mixture of hydrocarbons in crude petroleum, 
ranging from explosively volatile wet gases to heavy oils, waxes and 
asphalts, were beyond the technology of the day to unravel, and the capacity 
of the then existing economies to absorb. At that time such by-products 
as gasoline were a serious problem, and their disposal involved great waste. 
Indeed, it was not until about 1910 that motor fuel requirements exceeded 
for the first time those of kerosene. 


World War I and the maturity of the internal combustion engine marked 
the second phase. Within the space of a few years, the more volatile frac- 
tions which refineries had been throwing away were engulfed by the rising 
demands of the automobile industry. The price of gasoline rose sharply and 
drilling activity increased all the world over. Exploration soon yielded 
results in Texas, California and Venezuela, and by 1930 surplus oil pro- 
duction had become general once more. Indeed, from then until World 
War II, there was surplus capacity in almost every branch of the industry. 
With kerosene consumption declining and a gasoline economy becoming 
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general, the unwanted middle distillates overhung the market and frequently 
sold at distress prices. Heavy residual oils were even more of a problem. 
Often they were dumped into adjoining rivers and streams or sold at prices 
far below that of the crude oil itself. 


Phase three, which developed out of World War II, is now asserting itself. 
For the first time in history, most refineries have few surplus products. 
Nearly everything from a barrel of crude is being marketed, production 
in its numerous phases being geared much more closely to fluctuations in 
demand. Behind all this lies the modern refinery equipment and techniques, 
which are being used to crack heavy fractions down to lighter ones and, 
more important still, the domestic oil heater and the diesel engine. Indeed, 
the consumption of middle distillates has been increasing much more rapidly 
than that of gasoline in recent years, and it now serves to underwrite much 
of the growing demand for crude oil itself. 


Although the history of the Canadian crude oil industry dates back almost 
100 years’, production did not begin to reflect the amount of exploratory 
drilling done in western Canada until well into the 1930’s. Then, in 1936 
Turner Valley was definitely established as the first major oil field in the 
British Commonwealth. Scattered discoveries of little commercial impor- 
tance had been made prior to this and natural gas had been found in abun- 
dance. However, with the exception of the modest production which had 
been obtained from the shallow Ontario fields from 1860 onward, Canada 
had little in the way of a crude producing industry. 


After that the tempo of discovery began to increase. First, the heavy 
crude area along the Alberta-Saskatchewan boundary near Lloydminster 
was opened up. Then, early in 1947, light oil was discovered on the plains 
near Edmonton at Leduc. 


In the short space of ten years the Canadian oil outlook has been trans- 
formed. (See chart: Canadian Oil Situation, 1949 and 1955.) In 1947, 
domestic sources supplied less than 10% of the nation’s needs. Since then, 
production has risen more than twentyfold and, despite the rapid rise in 
consumption, existing wells are now capable of producing enough oil to meet 
the nation’s over-all petroleum requirements. Several major oil fields and 
many smaller ones have since been discovered and recoverable reserves have 
sky-rocketed from a mere 70 million barrels in 1946 to around 3,000 million 
barrels at the present time.” 


Measured in dollar terms, these developments appear even more im- 
pressive. Valued at over $300 million in 1955, output at the primary level 


It is now known that the first successful oil well on the North American continent 
was dug in Lambton County, Southern Ontario early in 1858. This was months before 
the much publicized pioneer Drake well was drilled in Pennsylvania in 1859. 

2More precisely, 72 million barrels at the end of 1946 as opposed to 2,757 million 
barrels (inclusive of 250 million barrels of natural gas liquids) on December 31, 1955. 
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already exceeded that of any other Canadian produced mineral. Sales on 
all levels including pipeline transportation, refining and product marketing 
amounted to more than $1 billion last year. This being our measure, the 
petroleum industry in this country would now appear to lead all others 
except agriculture and, possibly, pulp and paper. Its outlays on exploration 
and development, new refinery and pipeline construction and on repair and 
maintenance are even more exceptional. In 1955 alone, firms operating in 
Canada spent well over half a billion dollars in the search for additional 
reserves and in creating new transportation, processing and distributing 
facilities. From one of the nation’s lesser activities the petroleum industry 
has already leapt to prominence. If recent trends can be taken as any guide, 
its contribution to Canada’s future economic development may be even 
more spectacular. 


Section II: World Setting 


In any review of the growth of the Canadian oil industry, reference to 
the world developments is necessary to give proper perspective. How im- 
portant, in this setting, is Canadian production and consumption? And, 
given a continuation of present, trends, what role is Canadian oil destined 
to play in the world’s trade in crude oil and manufacture of petroleum 
products? 


The answer to the first of these questions is easily determined. Still in its 
infancy, the Canadian oil industry produces less than 3% of the world’s 
total output of crude petroleum. As for reserves, about 1.5% of the world’s 
proven capacity has now been found here. When it comes to quantities used, 
Canada’s record is somewhat more impressive. About 4% of world product- 
ion is now being consumed in this country. 


The answer to the second question—‘“What role is Canadian oil likely to 
play in the future?”—is more elusive. Oil, at least in its crude form, is a 
freely traded commodity. The supply and demand for petroleum is, there- 
fore, influenced by numerous factors, many of which are outside the control 
of any one country. Reserve and cost of production prospects must be 
taken into account. So must the likely trends in consumption by major 
product and by principal end use. In approaching this subject, let us begin 
by going back a few years, thereby obtaining a better grasp of world 
developments and their effect, to date, on Canadian production and the 
Canadian market for petroleum products. 


The international oil industry, as we know it today, dates back barely 
a century. Even at that, production was small. Only a few scattered 
discoveries were made prior to 1900.? Most of the world’s major oil produc- 


°Canada (1858), United States (1859), Rumania (1857), Russia (1863), and the 
Dutch East Indies (1893). 
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ing regions have been developed during the past 50 years. This is true, not 
only of the Caribbean and Middle East production, but also of the United 
States Gulf coast, east Texas and California as well.+ 


Production has risen steadily in response to new and expanding demands 
for mineral oils. From obscurity 100 years ago, oil production rose to 
210,000 barrels a day in 1890. It first passed one million barrels a day in 
1912 and ten million barrels a day in 1949. World production in 1955 ex- 
ceeded 15 million barrels a day, with the United States supplying about 45% 
of this amount, the Middle East 21%, Venezuela nearly 15%, and the Iron 
Curtain countries about 10% of the total. (See chart: Crude Oil Produc- 
tion and Reserves. ) 


The number of areas where petroleum production has, so far, turned out 
to be commercially profitable is limited. Ninety per cent or more of the 
world’s proven reserves are located in two principal areas; that is to say, in 
fields bordering on the Gulf of Mexico and the Caribbean Sea and in the 
Middle East. So far, the existence of 200 billion barrels of oil has been 
established. Equivalent to 40 years of supply at current rates of consump- 
tion this vast reserve is distributed between the Eastern and Western Hemis- 
pheres in the ratio of about 3:1. The Middle East is at the top of the list 
with about two-thirds of the known reserves. The United States is now in 
second place with about 15%, followed by Venezuela with 7% and the 
Communist bloc with about 6%. 


Of all the producing areas, the Middle East is by far the most promising. 
This is due to the fact that development costs are low and average output 
per well is so much higher there than in the United States and elsewhere. 
This is illustrated by the fact that the average well in the Middle East fields 
is currently producing around 5,000 barrels a day, some yielding as much as 
15,000 barrels a day. Fewer than a thousand wells are all that are needed 
to maintain the present level of output for a decade or more.® 


In the United States the situation is quite different. By contrast, there are 
about 550 thousand producing wells. These average about 12 barrels a 
day, although, of course, there are much larger producers in some fields. 
For the world as a whole, average production per well is only about 20 
barrels per day, largely due to the low American average. 


“California (1900), Mexico (1901), United States Gulf coast fields (1901), Oklahoma 
(1904), Illinois (1906), Trinidad (1909), Iran (1913), Borneo (1913), Venezuela 
(1920), Iraq (1927), east Texas (1930), Bahrein (1932), Saudi Arabia (1936), 
Kuwait (1946). 

“In 1954, United States interests controlled 68% of the world’s crude petroleum pro- 
duction; British and Dutch capital 16%; other private organizations 3%; the U.S.S.R., 
10% and other governments 3%. 

“There are now some 35 producing fields in the Middle East; two thirds of these con- 
stitute 95% of the proven reserves there. 


THE PETROLEUM INDUSTRY 


These figures taken by themselves can be misleading. Reservoir condi- 
tions (and hence maximum efficient rates of output) vary considerably from 
one producing region to the next. Secondly, few fields produce at a uniform 
rate up to the point of exhaustion. The astonishing output of the Middle 
Eastern countries and, to a lesser extent, the Caribbean area characterizes 
young fields which are likely to be productive, albeit at a declining rate, 
over a good many years. On the other hand, some fields in the United 
States are relatively old and over-exploited. They are, consequently, no 
_ longer able to produce oil at the rates which they attained in the past. 


In assessing productive capacity of various oil-producing areas, develop- 
ment costs must also be taken into account. Certain oil fields possess thick 
and extensive underground oil bearing reservoirs of highly porous and 
permeable rock in which oil has accumulated under suitable stratigraphic 
and structural conditions. Under these conditions, wells can be spaced far 
apart and withdrawals can take place at a relatively high rate. Average 
drilling and operating costs can, consequently, be kept to a minimum. In the 
Middle East, geological conditions are almost ideal in this respect and, while 
heavy outlays may be necessary in the first instance, fewer wells are needed 
and investment costs can be written off against a much greater volume of 
production. On the other hand, where oil is found in small pockets and the 
rock through which it must move is relatively impervious, numerous wells 
must be drilled to find these formations and development and operating 
costs are consequently much higher. 


In the United States, where only a few fields have been as productive 
as those in the Middle East, average exploration and development costs 
per barrel of reserves are now tending to rise. Industry reports indicate 
that it now costs as much as $1.50 a barrel to find and develop oil there.’ 
By contrast, exploration and development outlays are only 20 to 30 cents per 
barrel of reserves in the Middle East. Recent Canadian experience in this 
connection has averaged out at around $1 per barrel of reserves. 


Due largely to the fact that the petroleum industry really began and was 
subsequently developed more extensively in the United States, this continent 
has produced far more oil than all other areas in the world taken together. 
The United States alone has recovered 60% of all the oil so far brought 
above ground. Surprisingly enough, these heavy withdrawals have not yet 
seriously affected the American reserve position. In fact proven reserves 


"See Joint Association Survey made by the American Petroleum Institute, the Inde- 
pendent Petroleum Association of America, and the Mid Continent Oil and Gas 
Association, the results of which were released in June, 1956. 

®According to B. Schwadran in his recent book, The Middle East, Oil and the Great 
Powers, pub. F. A. Prager, New York, 1955, “The Chairman of the Board of Directors 
of the Bahrein Oil Co. testified that the cost of producing a barrel of oil in Bahrein 
was 25 cents including the royalties to the Sheik.” 

"See Appendix A. 
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CRUDE OIL PRODUCTION AND RESERVES 
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DEMAND AND PRODUCTION TRENDS, 1920 - 1965 
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FIGURE 2- Trend of Oil Demand in the United States by 
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FIGURE 4-— Trend of Crude Oil Production in the United 
States and the Free Foreign World by Years, 1917-1955, with 
Projections to 1965. 


FIGURE 3 —- Rate of Growth of Demand for the Principal 
Petroleum Products in the United States by Years, 1920-1955, 
with Projections to 1965. 
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have continued to rise more or less in step with demand. Thus industry in 
the United States has been able to count on anywhere from 10 to 15 years 
of future supply ever since 1920. This has happened despite the enormous 
increase which has taken place in petroleum consumption. (See also chart: 
United States and Free World Demand and Production Trends, 1920-1965. 


Proven gas reserves, on the other hand, have varied both up and down. 
Today, they are equal to about 22 years consumption as compared with 30 
years in 1946 and as little as 12 years in 1929. Yet, each upsurge in demand 
has, within a few short years, resulted in the proving up of even greater gas 
reserves. Small wonder that there is a disposition on the part of these 
industries to look ahead in terms of decades rather than years and to assume 
that progress and expansion inevitably go hand in hand. 


There are other grounds for optimism. Although the United States has 
been more thoroughly explored than any other part of the world many 
other favourable areas still remain virtually untapped. One might include 
in this category the great sedimentary basin of New Mexico, Nevada, Ari- 
zona and the other Rocky Mountain states. One might point to the extensive 
tidelands which fringe the Gulf of Mexico and to the west coast of California. 
And, as a Canadian, one will also tend to keep an eye on the Williston 
Basin—those thousands of square miles of territory which include most 
of the Dakotas, part of Montana and push up into southern Saskatchewan 
and southwestern Manitoba. Each one has great possibilities. Yet their 
true potential will never have been confirmed until untold numbers of wells 
have been drilled deep into their formations, probing for the oil which so 
often has escaped other means of detection. 


The extent of exploration is one thing; the efficiency of recovery another. 
No doubt great improvements will also be made in this direction. To date 
something less than one-third of the oil in place can be considered as proven 
reserves, or oil which will eventually be produced. But the oil industry’s 
technology is ever on the move. New secondary recovery methods are being 
evolved which promise to raise the recovery factor to 60% or better. 


So, in North America, the oil industry has not only one but two good 
reasons for optimism. One is the tremendous extent of the probable and 
possible oil country. The other is the substantial reduction in the amount of 
these energy resources left as unrecoverable in the ground. 


But what of the other major oil producing regions of the world? Already, 
as we have seen, they have turned out to be more productive than fields on 
this continent. Tremendous reserves have been established with much less 
effort. 


Few geologists have been prepared to estimate the total amount of 
petroleum which may ultimately be recovered from the world’s sedimen- 
tary rock formations. However, the types of structures in which oil is more 
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likely to be found are, technically, becoming better understood. Some 
experts believe that as much as 1,000 billion barrels of petroleum will 
eventually be obtained from the world’s oil-bearing rocks. They have 
Placed the amount which may be recovered from structures under land 
areas as being in the order of 500 billion barrels, approximately five times 
the world’s total production to date. The remaining oil reserves, they think, 
may ultimately be recovered under the shallow waters which cover the 
continental shelves. 


As to the likely distribution of these possible oil reserves, it has been 
calculated that of those under land areas, around one-third are yet to be 
discovered in the Western Hemisphere. The remaining two-thirds occur 
principally in central Asia. Perhaps as much as one out of every four 
barrels of these potential reserves are in the Russian dominated zone, the 
remaining three barrels being under the control of or accessible to the 
Western democracies.1° 


The above estimates have been based largely on our knowledge of known 
oil-bearing formations. However, since past experience has shown that 
petroleum has also been discovered in unpredictable areas, these figures may 
well be on the conservative side. Even if one assumes a doubling every ten 
years of the world’s oil consumption, it looks as if no serious worldwide 
shortage of liquid fuel is likely to be encountered before the end of the 
present century. (See chart: Possible Petroliferous Areas and Proven Re- 
serves 1945, Mid-1956.) 


So much for the world’s oil producing potential. Now let us review 
briefly the changing pattern in world trade. For a time, the United States 
was the world’s principal exporter of crude oil and petroleum products. 
Then, as domestic needs began to occupy more and more of that country’s 
capacity, first Mexico and then Venezuela assumed the role of the principal 
supplier of European and other overseas requirements. 


Development of the Middle East fields was delayed by ignorance of their 
true potential, political unrest and a lack of nearby markets. Early successes, 
the glowing terms in which the De Golyer Commission of 1944 described 
Middle East oil possibilities, together with the construction of long-distance 
pipelines and large tankers, helped to overcome this. In addition, improved 
refining techniques have overcome the sulphur and other quality disabilities 
of the sour crudes coming from the Persian Gulf region. In the postwar 
period, currency considerations have also been important. The United 
Kingdom, and other European countries have turned more and more to 
the Middle East since oil from this source, besides being cheaper, usually 
involves fewer dollars than purchases from either Venezuela or the United 
States Gulf coast. 


*See Oil Resources in the Next Half Century by D. C. Ion, British Petroleum Company, 
pub. June, 1956. 
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For years there was a tendency for crude to be refined close to the oil 
fields. This was true, particularly in countries like Venezuela and Iran.12 
Very large refineries were constructed there and the resulting products were 
moved by tanker to the world’s markets. This now appears to have been 
a passing phase. Long distance transmission lines, the desire to save foreign 
exchange and the need for refinery by-products have stimulated the con- 
struction of refineries close by their principal markets.12. These are the 
main reasons why pipelines have been built from the Persian Gulf to the 
Mediterranean and why a number of refineries have been brought into opera- 
tion in Western Europe since the end of World War II. 


World shipments of petroleum products, such as gasoline and fuel oil, 
have been comparable in volume with those of crude oil. From now on, 
however, shipments of crude oil will probably assume increasing importance 
and, unless producing countries invoke additional legislation! insisting that 
the natural product be processed at home, most of the newer refineries will 
continue to be built close by the world’s main industrial centres. 


Reference has already been made to the fact that the United States is no 
longer the world’s principal exporter of crude oil and petroleum products. 
Indeed, except in periods of emergency, American exports soon will 
be small relative to the global supply. In all probability they will consist of 
small quantities of selected crudes and a limited amount of such special 
products as aviation gasoline, kerosene and lubricants. 


Meanwhile, shipments from Caribbean countries—and this is particu- 
larly true of Venezuela—have been increasing rapidly in recent years. In- 
deed, tankers from Latin America now supply by far the largest part of 
United States imports. They are also moving very large quantities of crude 
and residual fuel oil to eastern Canada, having largely displaced United 
States Gulf coast oil from its traditional outlets in the Maritimes and Quebec. 
And they are still one of the major dollar products moving into sterling and 
other soft currency markets. (See chart: World Oil Trade—Selected Years 
in Thousands of Barrels Per Day.) 


“The world’s largest refinery with a capacity of more than 550,000 bbls/day is at 
Abadan in Iran. Other refineries in the Middle East are on Bahrein Island (186,000) 
and at Raz Tanura (140,000). Others in Latin America are at Curacao (200,000) 
and Aruba (440,000), both in the Netherlands West Indies. By comparison the 
largest refineries in the U.S. include those at Whiting, Ind. (212,000); Baton Rouge, 
La. (266,000); Port Arthur, Texas, (245,000) and Bay Town, Texas (260,000) 
bbls/day. 

“For instance, refinery capacity in Europe was increased from 520,000 bbls/day at the 
end of 1949 to over 2,210,000 bbls/day by the end of 1955. 

*The concessionaire is obliged to refine in Venezuela at least 10% of the production 
which it obtains from its own crude sources in that country. Also, of the remaining 
90%, none can be refined in the general Caribbean area. Special tax exemptions are 
granted to companies processing their own production in whole or in part in Venezuela 
whereas higher royalties were levied in 1956 on Venezuelan crude refined outside the 
country. 
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The Middle East has become the predominant supplier of European 
industry. Now, most of the British Commonwealth and the Far East are 
becoming dependent on its oil fields and refineries. Surplus crude, from 
countries bordering the Persian Gulf, has even been finding its way across 
the Atlantic to Montreal and the east coast of the United States. With tanker 
design no longer a limiting factor, the movement in this direction will, in all 
probability, increase. 


In the East Indies, production has recovered gradually from the ravages 
of World War II. In comparison with the Middle East, however, its pro- 
duction and exports are small and of a subsidiary nature. At present there 
seems to be little prospect of crude oil or refinery production in Indonesia 
and other Far Eastern countries expanding beyond the market requirements 
of their immediate vicinity. 


In future, it looks as if most of the crude oil and products produced in 
the Western Hemisphere will be consumed there, with the United States 
constituting by far the most important market. Europe’s needs, meanwhile, 
will be met mainly from the prolific reserves of the Middle East, with crude 
oil movements becoming progressively more important. This will be accom- 
panied by a decline in the cross shipment of crude, and especially products, 
from the Caribbean area to Western Europe. With regard to the Far East, 
plants on the Persian Gulf will probably play a dominant role with only 
supplementary supplies coming from Indonesia and Borneo. Although Japan 
and Korea are not likely to afford secure long-term markets for Western 
Hemisphere crudes, spot shipments will no doubt continue to be made to 
these countries from California and, later, Alberta. 


Section III: Canadian Oil in Perspective 


Having reviewed some of the more significant world trends, let us look a 
little more closely at the prospects for western Canadian oil. In doing so, 
we must examine several factors. Among them are; 

(a) adequacy of reserves, 


(b) relative costs of finding and producing oil in Canada and elsewhere, 
and 


(c) the changing regional demand for Canadian crude. 


Though interrelated, they are also contingent, in no small measure, upon 
the extent to which Canadian production can find an outlet in adjoining 
areas of the United States. 


Reserve and Production Prospects 


First let us look at the adequacy of Canadian reserves. Historical statis- 
tics, as it turns out, are of limited use. Too little drilling has been done, and 
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too little of Canada’s likely oil country has been mapped geologically to 
provide us with data on which really reliable projections can be based. 
Consequently, we are reduced to making comparisons with those parts of 
the United States where physical conditions are similar and a great deal 
more exploration and development has been carried out. 


To anyone making an appraisal of Canada’s reserve possibilities, the 
extent of the sedimentary area favourable to the occurrences of petroleum is 
a useful criterion. (See chart: Canadian Sedimentary Basins and Petrolifer- 
ous Areas.) The United States Bureau of Mines informs us that, in that 
country, it is in the order of 1.6 million square miles. In Canada, by con- 
trast, something like 750,000 square miles of possible oil lands have been 
mapped out. Produced and presently proven oil in the United States amounts 
to approximately 85 billion barrels. Thus, if the ratio of favourable areas is 


Table 11 
WORLD CRUDE OIL PRODUCTION, 1955 
(in thousands of barrels) 

1955 

North America 
United ‘States 22... Set ee eee 2,472,827 
Canada... Se el ee Ee ee 2 ee eee 129,453 
MGXICO Rs eee a ee 89,840 
Cuba! 220-0429 5 See ere ee 369 
Total .2 5.20. Sam 8 eee eee es ee 2,692,489 

South America 
a £si ley dbl) t-te cise ee COM eee Ac Noe fe 780,450 
Trinidad 2s. ee ee 24,115 
Other: {Countries ce A ee 96,696 
Total = ces ee a ee 901,261 
Europe”: 2 I Sh 638,528 

Asia 

Tran. 28 SE le ee ee 116,382 
Traq': 85. Sos 5 hae ed Ee ee oe, ne ee 245,318 
Kuwait. 28s. 3.3 eS 8 eee eee 400,000 
Sattdi Arablatcxs 2a ee ee ae ee 349,488 
Other <countries 3-2... ee ee a ee ee 90,589 
‘Votal "2... 2 I a ee iL XO I 
Africa’, 2.731244.) (ae eee! a eee 14,196 
Oceania: 2. 2-8 ke ees cg ee 128,640 
Grand totale ae a De eee ae eee ee 5,576,891 


"Includes Russian production of 505,000,000 bbls. in 1955. 
SOURCE: World Oil, 1955. 
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Table 12 
WORLD CRUDE OIL RESERVES 
(millions of barrels as of mid-year, 1956) 
% of world 
Reserves total in 

1956 

Wintec srates: ieee sc etc ee ee Es 30,250 15.09 
Anata eet ee Sons. Aeebee 3,000 1.49 
BICRICO Bite 7-8 Meteda is  e A 2,500 W225 
Denezucha. Mi eee 2 toy. ot WO Jee hee |) bt 12,500 6.23 
Other countries maak ee a 155 0.78 
Total Western Hemisphere 49,801 24.84 
RVUSStal lise ee een ae ene he SR Sse 10,500 5.24 
NPAC tee ee eet: oa oe Stet ge A 15,000 7.49 
JAAR DE aya geretae lima 7 Pon russe Fh, 1,500 0.75 
SUCH UNPAEON ci seyec ee Yael 40,000 19795 
IN Uy acer ee eee a 50,000 24.94 
Ti QUAM ee tape ge 26,000 1ROT 
Pagonesin Vernet ee ow Ne 2,300 Als thes 
Otherzcountnics eases eee 5,329 2267 
Total Eastern Hemisphere* 150,629 75.16 
Total world crude oil reserves 200,430 100.00 


*A much greater emphasis on Eastern Hemisphere oil resources was recorded by Wallace E. Pratt 
in February, 1956 report to the U.S. Joint Congressional Committee on Atomic Energy. He placed 
Middle East ‘‘actual”’ proved reserves at 230,000,000 barrels as of January, 1, 1955. 

SOURCE: World Oil. 


used for estimating purposes, as much as 40 billion barrels might be en- 
visaged as the reserve potential for Canada.14 


But—and this is an important proviso—the United States is far from 
being through as a producer of crude oil.15 Even though some 1,500,000 
wells have already been drilled, most experts agree that oil in amounts equal 
to that already found may yet be discovered there.1® Yields may also be 
increased (in some fields more than doubled) by improved methods of 
recovery. With these modified United States reserve estimates in mind, a 
potential of, say 50 billion barrels for Canada appears possible.17 Though 
academic in the extreme, such a figure is interesting. It is twice the proven 


“Detailed geological appraisals (based on volume of sediments and oil accumulation 
data for the United States) have been completed for Alberta and Saskatchewan. These 
indicate that, for these two provinces alone, recoverable reserves may be in the order 
of 21 billion barrels. 

*In reporting to the U.S. Joint Congressional Committee on Atomic Energy early in 
1956, the well-known American geologist, Wallace E. Pratt, estimated that, in the next 
20 years, the United States may reasonably expect to discover as much as 100 billion 
barrels of new oil in that country. 

**In western Canada, by contrast, only about 15,000 wells have, so far, been completed 
or abandoned. 

No allowance is made here for the vast oil reserves known to occur in the bituminous 
sands of northern Alberta. These have been variously put at between 100 billion and 
300 billion barrels of possible reserves. 
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reserves necessary to support the production estimates indicated elsewhere 
in this report. 


General figures like these are not very reassuring in themselves. However, 
there is other and perhaps even more tangible evidence pointing in the same 
direction. Proven reserves discovered in new fields and in new pools in oil 
fields in Alberta in 1955 were exceeded only by those found in Texas and 
Louisiana. More oil was discovered in Alberta and Saskatchewan than in 
Oklahoma and California, the third and fourth producing states, combined. 
Alberta’s Pembina oil field, which was under extensive development in 1955, 
is now believed to be one of the largest in North America. 


The increase in total Canadian reserves in 1955 was equivalent to about 
14% of the nation’s established resources, whereas in the United States, 
last year’s increase was equivalent to only about 2% of the proven reserves 
established at the end of 1954. Add to these the fact that: 


(a) in 1955 one out of every five new field wildcat wells has resulted in 
an oil find on the Canadian prairies compared with one in nine in 
the United States; 


(b) in 1955, newly discovered resources per exploratory well drilled in 
Canada were 70,000 barrels compared with 40,000 barrels in the 
United States;!® 


(c) in recent years, reserves discovered per foot of drilling in explora- 
tory wells (other than outpost wells) were approximately double the 
reserves per foot added by similar drilling in the United States; and 


(d) discoveries have now been made in many of the major horizons 
which have been proven productive elsewhere on this continent; 


and there appears good reason to believe that Canada’s western provinces 
may well encompass one of the most prolific oil producing regions in North 
America. 


Once oil reserves are established, the maximum rate of withdrawal is 
determined by geological factors. The Maximum Efficient Rate (M.E.R.) 
is the one which, while permitting the greatest output, is still consistent with 
a maximum ultimate recovery of oil from the reservoir in question. In most 
pools it ranges between 3% and 9% of the recoverable reserves. Thus the 
ultimate life of the average oil field ranges from 12 to 33 years. 


In the United States, since 1945 the annual rate of production has 
ranged between 6.5% and 8% of that country’s proven reserves. In Can- 
ada, on the other hand, markets have not been available to an extent con- 
sistent with a maximum efficient rate of production. The output from each 


More correctly, newly discovered reserves in new fields and in new pools in old 
fields per exploratory well (other than outpost wells). 
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field has therefore been cut back to an intermediary level and a pro-rated 
allowable production based on well cost considerations and on well producing 
potentials is now in use. In Alberta this market allowable has been in the 
general range of 5% to 7% of proven reserves. Were the demand for 
Canadian crude to increase more rapidly than this country’s production 
potential, the annual rate could be increased to 8% or 9% of proven 
reserves and still be consistent with sound conservation practice.!® 


The rapid increase in Canadian oil reserves in recent years had, by 1955, 
resulted in a maximum production potential approximately equal to Can- 
ada’s total oil requirements. The relationship between this higher figure and 
that of the actual output of western Canadian oil fields indicates the extent 
of the shut-in capacity that has developed over the past seven or eight 
years. 


Canadian Reserves and Production 1920-55 
(in millions of barrels a year) 


1920 1930 1940 1945 1950 1955 
Proven reserves* 
(December 31) — 10 81 56 1,000 2,756 
Canadian production 
potential? — D 9 8 57/ 225 
Actual Canadian output — 2 9 8 29 130 
Canadian requirements* 18 38 58 71 134 231 


*Crude oil and natural gas liquids available for production at year’s end. 
*"Maximum Efficient Rate — i.e. maximum rate of production consistent with 
sound conservation practice. 

“Domestic crude and products demand. 


The extent to which Canada’s proven reserves will increase in the future 
(and hence the nation’s ability to produce) is, however, contingent upon a 
number of factors. One—already mentioned—is the amount of oil poten- 
tially available in the ground. Another is the cost of finding crude oil in 
this country as opposed to the outlays necessary to develop reserves else- 
where. Nor must production expenses be too far out of line with experience 
in the United States, Venezuela and elsewhere. Markets must also be avail- 
able in sufficient volume and, at the same time, return a price at the well- 
head which will more than cover prospective costs of exploration, develop- 
ment, and the production of additional supplies of oil. Each of these matters 
in turn requires a thorough-going examination before an answer can be 
confidently given with regard to the direction and course of future expansion 
in this country. ; 


In order to establish a basis on which forward judgments as to the com- 
petitive strength of Canada’s oil industry could be built it was necessary 


*Shut-in production in Canada in 1956 was between 40% and 50% of the industry’s 
maximum efficient rate of output. 
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to make a careful examination of the latest cost data, averaging, where pos- 
sible, returns from a number of sources and employing definitions which 
were designed to ensure comparability between one country (or region) and 
the next. With assistance from the industry, results were obtained which 
suggest that producers in this country will have a strong incentive to con- 
tinue their search for additional reserves over the next 20 or 30 years. 


If the figures which we have been able to obtain for the years 1951 to 
1954 are taken as a guide, the costs of finding and developing a barrel of 
oil in Canada will be well below those experienced in the United States. 
Exploration and development outlays in Canada have recently averaged out 
at around $1.03 per barrel. Meanwhile, in the United States, they have 
ranged between $1.15 and $1.50. Due to the much shorter oil field history 
in this country, such upward revisions in reserves as follow from develop- 
ment drilling have, so far, been modest by comparison. These Canadian 
finding costs, were they to be viewed in a similar long-term perspective, 
would, in all probability be found to be below $1 per barrel. 


Production cost data have also been prepared. From 1951 to 1954 the 
average cost per barrel in Canada was in the vicinity of 45¢; that in the 
United States more like 70¢. With each passing year, however, it will cost 
more to produce a barrel of oil from each field. The natural forces 
assisting production will diminish. More pumping will be necessary, water 
drive and other injection practices will have to be introduced and after a 
time output per well will begin to fall off. With the passage of time, Cana- 
dian production costs may therefore be expected to rise to 60¢ or even 
70¢ per barrel. 


The following table summarizes the results of our Canadian and several 
American studies. (See also Appendix A). 


Costs of Oil Exploration, Development and Production 
in Canada and U.S. 
Average, 1951-54 
(in dollars per barrel) 


Cost category Canada United States 
Low High 
Discovery and acquisition 0.62 0.73 0.68 
Development 0.41 0.43 0.81 
Production 0.45 0.77 0.60 
Total 1.48 93 2.09 


These are circumstances which are favourable to the search for oil. Yet, 
transportation costs must also be taken into account. With the important 
exception of the local western Canadian and United States Pacific northwest 
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outlets, Canadian oil has to move a greater distance to market than many of 
the crudes from the principal competing fields in the United States. Indeed, 
if the relative (roughly 2:1) advantage of ocean travel over pipeline 
transportation costs is also taken into account, the producers in Venezuela 
and the Middle East also seem to be “closer” to many of the principal oil 
refining centres on this continent. Expressed in terms more familiar to oil 
industry executives, this is the same thing as saying that the transportation 
penalty faced by Canadian oil is such as to reduce the net-back at the field 
to a level below that commonly encountered elsewhere in the Western 
Hemisphere. 


The following table illustrates this point. 


Posted field price 
Source Gravity per barrel 

Redwater, Alberta 35 $ U.S. 2.49 
Illinois 36 2.90 
California-Signal Hill 36 3.39 
Mid-continent 36 2.02 
Texas-East 39 2.90 

-West 36 2.69 
Venezuela (Oficina) 36 2.80 
Middle East 34 1.95 


2These prices are reported for June, 1956. That posted at Redwater, Alberta, was 
determined by the competitive price of comparable Illinois and East Texas crudes de- 
livered at Sarnia, Ontario. Then, they could be delivered at $3.24 and $3.27 a 
barrel, respectively. Bearing in mind that the total transportation cost from Redwater 
to Sarnia was approximately 75¢, the $3.24 a barrel laid down price of Alberta oil at 
this point was, consequently, close to a maximum. Lacking other information, f.o.b. 
prices are reported for Venezuela and the Middle East. 


In attempting to calculate the profitability of oil operations in Canada 
and elsewhere we must therefore take into account several factors. Generally 
speaking receipts at the wellhead are lower in this country. The disadvantage 
of location is more than offset by e.g. lower average exploration, develop- 
ment and production costs. Yet there is still the matter of shut-in produc- 
tion. Since oil found in Canada cannot be produced as rapidly as that 
discovered in the United States it does not offer as quick a return on invest- 
ment as would similar findings on the other side of the International Boun- 
dary. The following tabulation which attempts to give each of these factors 
its appropriate weighing still indicates, interestingly enough, that the rate of 
return before taxes in Canada is already higher than that reported in the 
United States. 
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Rate of Return on Investment in Canada and The United States 
Average 1951-54 


(in dollars per barrel) 


Item Canada United States 
High Low 
Receipts DS) 3.17, 2.64 
Exploration, production, etc. costs 1.48? 2.09 1.93 
Margin before taxes 1.03 1.08 0.71 
Rate of return before taxes 8%» 7.5% 1% 


*Based not on 42¢ production cost as has been recent experience, but on 65¢ as an 
expected long-term average cost of producing a barrel of oil in Canada. 


*The rate of return before taxes as calculated here involves a discounting of future 
worth. 


Looking ahead, one might envisage a growing shortage of North American 
produced oil for North American consumption. Once this reaches sizable 
proportions, proven reserves in Canada are unlikely to be shut-in to the 
same extent as they are at present. The yield on capital invested in finding 
oil in Canada will be further enhanced. Against this background, it seems 
reasonable to conclude that proven reserves in this country could well rise 
at a rate in excess of the markets immediately available to Canadian oil. 


Regional Market Considerations 


The demand for Canadian crude, both at home and in adjoining areas of 
the United States, is a reflection of the fact that the North American con- 
tinent has, since 1947, become a net importer of petroleum. Taken to- 
gether, consumption in the United States and Canada has risen more rapidly 
than production, and on both the Atlantic coast and in California imports 
from the Caribbean and the Middle East have been necessary in order to 
fill the ever widening gap between supply and demand.”° (See chart: Trends 
in United States Petroleum Industry 1935-1954.) 


Meanwhile, Canadian crude has been moving increasingly into the con- 
suming centres in the Canadian west, southern Ontario, the United States 
Pacific northwest and middle west. This has permitted the older United 
States fields, which formerly fed refineries in these northern and western 
areas of the continent, to supply growing markets closer to hand. Occasional 
tanker shipments have also been made to northern California. 


The fact that Canadian crude has been in demand has been due, in large 
part, to the location of its producing fields. Not only are strategic consid- 


United States crude oil imports rose from 236,000 bbls/day in 1946 to 782,000 
bbls/day in 1955. Shut-in production in the U.S. last year was less than 15% of 
capacity. Shut-in capacity has existed in the U.S. because it has been more economic 
to import Venezuelan and Middle East crudes rather than rely exclusively on domestic 
production. Over the long term, however, producibility falls short of domestic demand. 
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erations on its side, but Alberta oil has been discovered in what was form- 
erly a peak freight rate area. Rail shipments into the Prairie provinces from 
as far away as Oklahoma, Texas and Louisana, were discontinued as soon 
as local production became available to take their place. At first it was 
possible to sell western Canadian oil to these refineries at comparatively high 
prices. However, as output has grown and the need to compete in more 
distant markets has increased, wellhead returns per barrel of oil have had 
a tendency to decline. 


Eventually, of course, the point will be reached when a further drop in 
field prices brought about by the invasion of still more distant markets will 
more than offset the advantages inherent in an increased volume of sales. 
Only then will the profitable markets for western Canadian crude be fully 
outlined. 


So far, the marketing of Alberta oil has passed through four fairly definite 
stages. First the problem of meeting local demand had to be overcome. 
This was accomplished by the building of refineries in the Edmonton area 
and by organizing the distribution of products by road and rail to meet the 
short-run needs of adjoining centres in Alberta and Saskatchewan. The 
second stage, beginning with the construction of the Interprovincial pipeline 
eastward to the Great Lakes enabled the Canadian producer of crude to 
compete not only on the Prairies but also at Superior, Wisconsin and at 
Sarnia. The third stage commenced with completion of the Trans-Moun- 
tain oil pipeline down across British Columbia to the refineries in Vancouver 
and those subsequently built at Ferndale and Anacortes, Washington. The 
fourth, if it can be called a stage, is presently under way. It consists, essen- 
tially, of a rounding out and deepening of these eastward and westward 
movements. Additional production, from Saskatchewan, is moving by pipe- 
line to Minneapolis-St. Paul. Alberta oil is going on to refineries in north- 
ern Michigan and Toronto. Manitoba is now making a contribution. And, 
on the Pacific side, spot tanker shipments have been made out of Vancouver 
to refineries in the San Francisco area. 


The price movements necessary, first to establish and later to retain these 
outlets, are interesting. As the western Canadian oil moved farther eastward 
it ran into competition with crudes from other sources, the laid down prices 
of which were correspondingly lower. The farther the Canadian oil had to 
move, the less attractive the price. Transportation charges, in other words, 
absorbed more of its sales value at destination. First wellhead prices were 
cut in order to capture more of the Prairie market. A further reduction was 
necessary in order that Alberta crude could become competitive at refiner- 
ies adjoining the Great Lakes. Sarnia became the basing point with the 
completion of the Interprovincial Pipeline. Since then the price net-back 
received by the producers has continued to reflect the competitive position 
of Canadian oil in Southern Ontario, such subsequent variations as have 
occurred being dependent upon the changing value of the Canadian dollar. 
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TRENDS IN UNITED STATES PETROLEUM INDUSTRY, 1935 — 1954 


U.S. IMPORT DUTIES 


AS PERCENT OF AVERAGE U.S. CRUDE OIL PRICE 
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The situation with respect to Vancouver and adjoining west coast centres 
differed in one important respect. For some time, Canadian oil, with its 
price based on Sarnia, has been more than competitive with comparable 
crudes from California and the Middle East. As a result Alberta oil has 
been competitive with Californian and offshore crudes as far south as Port- 
land, Oregon. The fact that it is able to hurdle the United States import 
tariff and capture the bulk of the Pacific northwest market is illustrated 
by the fact that sales to the newly built refineries in Washington State have 
been made without a reduction in the wellhead price of oil in western 
Canada. 


The outlook for sales down the west coast is promising for a variety of 
reasons. On balance, this region is deficient in energy resources. It possesses 
little coal or natural gas of its own. Many of the lower cost hydro power 
sites will have been harnessed by 1965. Besides the oil resources of Cali- 
fornia, once sufficient to look after sizable offshore as well as western 
United States and Canadian demands, will do well to keep pace with the 
needs of the state’s own refineries from now on. (See chart: Increasing 
Difficulties of Finding Oil in Onshore United States.) 


The demand for energy—at least moderately priced energy—is rapidly 
outrunning supply. Population and per capita income are both rising more 
rapidly than anywhere else on the continent. The rate of growth of indus- 
try, and particularly heavy industry, is even more phenomenal. For these 
reasons, and because defence considerations point to the need of develop- 
ing a supplementary source of oil in the northwest, the states of Washing- 
ton and Oregon together with the lower mainland of British Columbia prom- 
ise to be one of the most attractive outlets—if not the most—for Alberta 
crude. 


Other markets of comparable size are also beckoning. Several have already 
been tapped. However there are others in an easterly direction which also 
promise to take considerable quantities of Canadian oil in the years ahead. 


The United States middle west, notably the states of Minnesota, Wis- 
consin, Michigan and Ohio already boast considerable refinery capacity. 
Canadian crude, as has been mentioned previously, is already being refined 
in Minnesota, Wisconsin and northern Michigan. A drop in price roughly 
equivalent to United States tariff of 10%¢ a barrel would be sufficient to 
put Canadian oil into the Detroit-Toledo refinery area. Were this to take 
place, an export outlet comparable in volume to that evolving on the west 
coast would be opened up to Canadian production. 


As far as Canadian sales are concerned Toronto appears to mark, for the 
time being at least, the eastern-most limit of the Canadian oil-shed. There 
products made from Canadian crude are already competing with those 
derived from Venezuelan and Middle East oil and piped westward into 
southern Ontario from Montreal. Whether this will continue to be the 
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INCREASING DIFFICULTIES OF FINDING OIL 
IN ONSHORE UNITED STATES 
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state of affairs depends, in no small measure, upon the success with which 
Canadian producers are able to market their supplementary crude output in 
the United States. 


The following table gives some indication of the relative size and rates 
of growth of the various markets which are already supplied with, or may 
one day receive, substantial quantities of western Canadian oil. 


Regional Consumption* in Thousands of Barrels a Day 


Canada United States 

Est. Est. 

1950 1955 1960 1950 1955 1960 

British Columbia 44 67 80 Pacific northwest 225 270 325 
Prairies 76 143 169 California 660 820 1,000 
Ontario 127) 210 287 Mpls.-St. Paul 250 330 425 
Quebec 84 150 200 Detroit-Toledo 500 650 800 
Total 331 570 736 Total 126850 6207 Ol e250 


*Of crude oil and imported products. 


Collectively, these demands are well in excess of Canada’s near term 
ability to produce crude petroleum. In Canada alone, they are equivalent to 
the addition every 12 months of a 40,000 barrel-a-day refinery. Adding in 
the growth element applicable to the Pacific northwest and Minneapolis-St. 
Paul refinery areas, a yearly increment of some 70,000 barrels a day -is 
called for. Thus, even if the sales in the other potential areas of the United 
States are disregarded, we arrive at a prospective increase in demand com- 
parable with western Canada’s yearly rise in production potential. Since 
1950, the annual growth in potential output of the Canadian oil fields has 
been in the vicinity of 80,000 barrels a day. 


The time may well come, however, when the Canadian industry may 
have to look outside the confines of its present marketing area. With a 
5% to 10% drop in price it could sell more into California, into the United 
States middle west or reach farther eastward in Canada to Montreal. In 
this connection, it is interesting to assess the attractiveness (price wise) of 
the various major markets which are now, or may one day be served from 
prairie fields. To begin with, one must list the price at present paid for 
comparable crudes laid down at the refineries in question. This, reduced 
to the extent of transportation charges and duties, gives a net-back to the 
Canadian producers which would prevail were the refinery area in question 
to be the basing point upon which all other offerings were made. The follow- 
ing table while it is illustrative only, shows that: 


(a) Southern Ontario, the United States Pacific northwest and the 
Minneapolis-St. Paul area are the most attractive outlets for Alberta 
crude; 
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(b) that the returns from sales into the Detroit-Toledo area might be 
less than those resulting from basing point sales in Sarnia by an 
amount roughly equivalent to the U.S. tariff of 10%4¢ per barrel; 


(c) that, in order to obtain a share of the Montreal market, Canadian 
producers would have to take a cut in wellhead price of around 15¢ 
per barrel; and 


(d) that having made the price adjustments necessary to serve all or 
part of the refinery needs of southern Quebec, western Canadian 
oil would (i) be readily salable in northern California and (ii) 
be close to, if not fully competitive with United States mid-continent 
crudes in the Chicago area. 


Price per Barrel in Canadian Dollars, June 30, 1956 


Price of Transportation, Approx. 

Destination competitive etc. costs from wellhead 
36° crude* Alberta return? 

Sarnia 3.24 0.75 2.49 
Toronto 3.30 0.81 2.49 
Montreal 3.24 0.90 2.34 
Ferndale, Wash. 3.39 0.70 2.69 
San Francisco 3515) 0.90 2.45 
Minneapolis - St. Paul 3.45 0.65 2.80 
Detroit - Toledo SWS 0.87 2.36 
Chicago 3.20 0.85 DSS 


*Competitive prices were Redwater crude value or its equivalent in other similar 
crudes as laid down in pipeline or large tanker lots. Tanker rates were assumed to 
be U.S.M.C. — 40%. 


"Wellhead prices are arrived at by taking competitive quotations at the market area 
and deducting transportation cost (and duty in the case of exports). The present 
U.S. duty is 10%¢ on light and 5'4¢ per barrel on heavy crudes being imported into 
that country. 


In considering the ultimate destination of Canadian oil the broad con- 
tinental picture must always be kept in mind. Strategic considerations, for 
one thing, will continue to have an important bearing on future events. 
Reserves in western Canada have an inherent advantage over most offshore 
sources in that this oil can always be moved to North American markets 
over internal lines of supply. It can be expected, therefore, that the United 
States defence authorities will continue to discriminate in favour of Canadian 
oil when import allowables are being set for the northwestern, western and 
central market areas of the United States. 


Full employment and a consequent tendency to inflation is also having 
a favourable effect—at least in so far as the United States tariff is con- 
cerned. Its impact on Canadian field prices has been progressively reduced 
as the real purchasing power of money has gone down. A useful indication 
of this can be obtained by dividing the duty by the average North American 
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wellhead price. Around 20% as late as 1938, it fell to less than 5% ten 
years later. Were it to be removed entirely it would add only about 4% to 
field prices in western Canada. Short of a major change in American 
tariff policy, the duty on crude oil entering that country is therefore likely 
to be of marginal importance during the forecast period under review. 


A much more important determinant—at least in the short run—is the 
effect of import quotas. Currently applied on a voluntary basis by the 
industry itself, this type of regulation is tending to slow down, if not actually 
set a ceiling on sales of Canadian crude in the United States. Because 
sources in this country, like those in Venezuela, are given preferred treat- 
ment by the United States government authorities directing this programme, 
these actions are less effective than they are in respect to Eastern Hemispheric 
sources of supply. Yet, with an over-riding obligation to maintain their total 
crude oil imports at the level set in 1954, most United States companies with 
subsidiaries or branches in Canada have not pushed Canadian oil sales to 
the extent that they might otherwise have done. For the same reasons they 
may continue to find it politically, if not economically, desirable to draw 
more on their domestic reserves and leave a greater proportion of their 
Canadian findings in the ground. Market demand being prorated by the 
Alberta board, these decisions if taken would affect all producers equally. 


Faced with this volume limitation, a number of Canadian independents 
have come out in favour of an extension of Canadian markets. Essentially, 
this means pushing on to Montreal. Some part of this presently 200,000 
barrel a day market could be captured by something like a 7% reduction in 
wellhead price. As a partial solution to their problem it has its merits. 
Western Canadian production might, thereby, be increased by about 25% 
in volume and 15% to 20% in value terms.” 


Those in opposition (and this includes most of the large internationally 
integrated oil companies) stress the longer view. Exploration and develop- 
ment costs, they say, are already rising in the United States. Faced with a 
persistent rise in consumption, producers there will be unable to keep pace 
with demand. Soon most United States refineries and later, the majority of 
United States producers will become more concerned with augmenting 
rather than finding an outlet for their own domestic production. This, they 
say, should happen around 1960 or, at the latest, 1965. Meanwhile, it is 
their view that a piecemeal development, refinery by refinery, in presently 
served market areas is preferable to bolder action; an action, incidentally, 
which exposes Canadian oil even more to competition from lower cost and 
better situated fields in the Caribbean and Middle East. ; 


Once in Montreal, Canadian oil would have to compete with Venezuelan 
crude. The latter, moving by tanker and pipeline, could be laid down at a 


“Any price reduction in order to gain entry into one market is also granted to all 
others served from the same source area. 
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transportation cost roughly one-half of that necessary to move Alberta oil 
to the refineries in southern Quebec (i.e. 38¢ as against approximately 
90¢). Only in circumstances like the present in which tanker rates are 
abnormally high is it safe to assume that all—or even most—of the refinery 
requirements of this area could economically be supplied from Alberta. 


It is difficult to say which view will prevail. Obviously, the outcome is 
contingent, more on future United States policy than anything else. Should 
Canadian oil continue to be proven up at a healthy rate and shut-in produc- 
tion in this country grow as a consequence of U.S. import quotas, then 
Canadian production will find its way in volume into Quebec. On the other 
hand, an early scarcity of domestically-produced oil in the United States 
could prevent such a development from reaching major proportions. In 
what follows, it has been assumed that Canadian oil, for lack of adequate 
export markets, will begin to move in some volume into Montreal in or 
about 1960. Subsequently, and especially after 1965, it was thought that 
market extensions in the United States would account for the major increase 
in Canadian crude sales. 


Section IV: The Changing Pattern of Demand 


Though world oil consumption has been rising for over a century, its 
behaviour has varied considerably, country by country and from one region 
to the next. There have been conditioning factors. Foremost among these 
has been the degree of industrialization, the reliance on transport—especially 
the automobile—and the abundance or relative scarcity of other sources of 
fuel and power. Each in turn has to be given its proper weighting before a 
forecast of requirements can reasonably be attempted. 


The long run, worldwide upward trend in demand has been in the order 
of- 6% per annum, i.e. a doubling every 12 years. In the more mature 
economies, like the United States, where the use of petroleum products 
was introduced at a comparatively early stage and where other fuels, includ- 
ing natural gas, have also been plentiful, the average rate (since 1920) has 
been more like 5.5%. Elsewhere in the free world, demand has been more 
erratic. Interrupted periodically by wars or altered by changing business 
conditions, long-term rates in the vicinity of 7% have not been uncommon. 
Recovering rapidly from the aftermath of World War IJ and stimulated by 
a shortage of coal, Western European needs have recently been rising at a 
rate in excess of 10%. Yet, even against this performance, the 12% yearly 
increase which has characterized Canadian consumption, postwar, makes 
impressive reading. 


Obviously, Canada has been gaining rapidly on the United States in 
recent years. Per capita product usage in this country is two and a half 
times what it was in 1946. In the United States, by comparison, it is only 
about one and a half times what it was ten years ago. Not only has Canada 
become one of the world’s largest users of petroleum products, but in per 
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capita terms Canadians are second only to Americans in terms of consump- 
tion. From 1930 right up until the end of World War II, the average Cana- 
dian burned only about one-half as much oil as his opposite number in the 
United States. By 1950, however, he was using something like two-thirds 
and in 1955, more like 85% as much oil as the average American. 


Several reasons will be given for this recent upsurge in Canadian con- 
sumption. One is the late arrival of domestic crude production. Lagging the 
United States by 50 years and more, Canadians have had a good deal of 
ground to make up in this respect. Throughout, the major centres of Cana- 
dian consumption have been well removed from the world’s main oil trade. 
Natural gas, too, has been more important in the United States. First used 
extensively in the 1930’s, it has since become available in most American 
urban and industrial areas. Here, meanwhile, oil has had only to compete 
with the solid fuels—coal and wood. Finally, in the United States the 
contribution of all liquid fuels, because of their relative size, have begun 
to parellel much more closely that of energy in general. The latter, moving 
up more slowly than has been the past experience with oil, has already begun 
to impose a ceiling upon the consumption of petroleum products. Sooner 
or later, the same sort of thing will begin to happen in this country. 


While over-all consumption in Canada has more than trebled over the 
past decade, this has not been true at one and the same time of all refinery 
products. Gasoline requirements, following roughly in line with the nation’s 
motor vehicle population, have risen to a figure nearly three times that 
reported for 1946. The lighter fuel oils, mirroring the introduction of the 
diesel engine and affected to an even greater extent by the popularity of 
oil for space heating purposes, rose four times over. Relatively, the use of 
residual oil has lagged behind that of the other petroleum products. Yet, 
even in its case, demand in total has more than doubled since 1946. 


The following table, which traces the growth, product by product, of 
Canadian consumption since 1920, indicates that the amount of oil used by 
the refineries themselves has also had a tendency to lag behind the nation’s 
rising curve of oil requirements. 


Canadian Consumption in Thousands of Barrels a Day 


Est. 

1920 1930 1940 1950 1955 1960 

Gasoline 8 47 68 187, 210 282 

Middle distillates* 9 Wd 20 87 192 269 

Heavy fuel oil 11 Pai 40 80 120 131 

Lubricating oil 2 3 4 6 9 HITED 

All other products? 6 6 12 31 66 93 
Refinery consumption 3 9 14 26 36 54° 

Total 39 104 158 367 633 838 


*Domestic heating oils (i.e., light fuel oil and stove oil) and diesel fuel oil. 
»Asphalt, greases, waxes, petroleum coke, etc. 
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A breakdown by principal end-use makes even more interesting reading. 
It shows that, over the past quarter century, the transportation sector has 
been taking a progressively smaller percentage of all the oil consumed in 
this country. At that, highway transport still utilizes well over one-third 
and the railways and shipping, together, close to 10% of the total. Resi- 
dential and commercial space heating, meanwhile, has emerged as one of 
the, if not the major determinant of refinery schedules and construction. 
Constituting some 12% of the total market for all products at the end of 
World War II, it accounted for close to 25% in 1955. By comparison, the 
other major use categories have remained relatively stable. Manufacturing 
has just about held its own with 15%. Agriculture and other primary 
industries, together, have continually accounted for around 4% of total 
Canadian crude oil and product sales. 


The rate of growth of demand for petroleum products varied consider- 
ably in the five main marketing regions of Canada during the period 1946- 
55. The following tabulation showing principal fuel consumption in each 
marketing region for the years 1946, 1950 and 1955 illustrates this varying 
rate of growth, and also the importance of Ontario and Quebec in the 
Canadian fuels economy. 


Consumption of Motor Gasoline 
(millions of barrels) 


1946 1950 1955 
Maritimes aed 4.0 5.9 
Quebec 5.9 9.2 14.6 
Ontario 12.4 18.7 291 
Prairies and N.W.T. 9.3 13.5 19.4 
British Columbia hd | 4.1 6.6 


Consumption of Light Fuel Oils* 


(millions of barrels) 


. 1946 1950 1955 
Maritimes 1.4 mee 4.8 
Quebec 4.4 13 16.5 
Ontario 4.3 9.2 21.9 
Prairies and N.W.T. jh 0.9 53 
British Columbia 1.8 Deh Sr 


*Kerosene, stove oil, furnace oil, other light fuel oil. 


Consumption of Heavy Fuel Oil 
(millions of barrels) 


1946 1950 1955 
Maritimes ye ot 5.4 
Quebec 4.0 vie) 13.6 
Ontario 4.1 ) WA8 9.1 
Prairies and N.W.T. Aa 5.7 8.2 


British Columbia 4.7 6.1 6.8 
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These changing regional requirements have also had an important bear- 
ing on Canadian self-sufficiency in respect to oil. 


Quantity in Thousands of Barrels a Day 


1920 1930 1940 1945 1950 1955 

Canadian production 1 4 23 23 80 355 
Imports (a) crude 30 79 l9/ 159 224 238 
(b) products 8 Ze 19 18 85 104 

Exports (a) crude — — — — — 46 
(b) products — 7 1 6 1 3 
Domestic supply 39 104 158 194 388 648 
Percent self-sufficient 2% 4 15 12 21 55 


Over the years, several foreign sources have supplied the Canadian refiner- 
ies with petroleum brought in from outside the country. During the 1920’s 
and early 1930’s, most of this oil—both crude and products—came from 
the United States. The first shipments from South America began in 
volume just prior to World War II. First Colombia and Trinidad and, later, 
Venezuela, became the major source of crude oil supply to the Maritimes 
and much of Central Canada. This tendency towards a greater dependency 
on fields outside North America was accelerated by the war. Defence 
priorities in the United States dictated that a greater proportion of that 
country’s own production should be used at home. Canada was forced to 
turn elsewhere for much of its crude. Only British Columbia and, to a much 
smaller extent, Southern Ontario, continued to draw on American fields 
after 1945. 


The following table indicates the relative importance and regional shifts 
as to the source of supply of crude oil entering Canadian refineries since 
1930: 


Quantity in Thousands of Barrels a Day 


South America Middle Total 
Year Canada U.S. Venezuela Other? East supply 
1920 1 9 — 8 — 31 
1930 4 54 10 15 — 83 
1940 23 80 9 28 — 140 
1945 21 89 44 26 — 180 
1950 2) 86 82 7 49 296 
1955 292 20 181 10 AY 530 


*Colombia and Trinidad. 


Several other characteristics in the postwar period are worth noting. 
Not only have Canadian requirements been increasing rapidly, but also 
shipments of oil from Middle East fields have become an important factor 
in the Canadian fuel economy. Crude imports from Venezuela are still 
rising while receipts from the United States are now confined to serving of 
comparatively modest demands in the Sarnia refinery area of Southern 
Ontario. 
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This is not the case with manufactured oils. Imports of refined products 
from United States sources have continued to enter Canada at a fairly 
steady rate during the last few years. These are being consumed largely in 
Newfoundland, New Brunswick and the other Maritime Provinces, eastern 
Quebec and the west coast of British Columbia. 


Down through the years, there has been a tendency for refinery construc- 
tion to lag behind the nation’s mounting products requirements. This has 
been true particularly in the late 1920’s and since 1945. In the decade 
immediately after World War I, the country’s motor gasoline requirements 
far outstripped domestic production. More recently, exceptionally heavy 
demands for house heating and diesel oils have had to be met by increased 
shipments from refineries in the United States and the Caribbean area. 


The following table shows the relative importance of Canadian produc- 
tion and imports of refined products from 1920 up until the present time. 


Quantity in Thousands of Barrels a Day 


1920 1939 1940 1945 1950 1955 
Domestic production 2D 83 127 164 278 535 
Imports 16 23 18 16 1S) 104 
Imports as % of supply 42 22 12 9 21 16 


Section V: Supply-Demand Trends 1955-80 
From what has been said already, it is apparent that: 


(1) Canada’s requirements for petroleum products will go on increasing 
over the period under review; 


(2) fields in western Canada can be counted upon to meet a substantial 
part of these needs; and that 


(3) in order to maximize the return on Canadian production, a growing 
proportion of this country’s output of crude petroleum will have to 
be exported to adjoining areas in the United States in the years 
between now and 1980. 


Imports, nevertheless, will be necessary. These will continue, perhaps, 
in increasing volume to enter refineries in the Maritimes and southern 
Quebec. It still remains to be seen whether, on balance, Canadian exports 
will exceed these input flows by a substantial margin. This section, relating 
to the supply-demand prospects of the Canadian oil industry over the 
quarter century from 1955 to 1980, has been written with a view to shed- 
ding further light on this important aspect of Canada’s international trade. 
(See chart: Inter-Regional Movements of Crude Oil 1955, Potential Markets 
for Canadian Crude 1980.) 

It is apparent that Canada’s oil producing potential is considerable. 
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Costs of exploration and development, furthermore, will continue to com- 
pare favourably with those encountered elsewhere in North America. Yet, 
before this productive capacity can be translated into proven reserves, sub- 
stantial investments must be made. An incentive in the form of expanding 
markets—markets which also offer a net-back to producers at least as great 
as that encountered elsewhere—is imperative. Continuity of operations is 
also important. Effective demand, in other words, is likely to be the main 
determinant of this industry’s growth over the next 20 to 30 years. 


While a lack of adequate markets might not be a serious deterrent in the 
short run, this is not likely to be true over a period of years. In other words, 
a levelling off of domestic and export sales may not be followed immedi- 
ately by a commensurate decline in drilling activities. However, beyond 
1960, and most certainly in the late 1960’s and during the 1970’s, the rate 
at which fresh reserves are proven up in this country will depend, more and 
more, upon the establishment of adequate outlets for Canadian crude. A 
thorough-going market analysis is, therefore, fundamental to any assessment 
of the long-term prospects, not only of the refining and marketing, but also 
of the production and transportation sectors of this important industry. 


Various methods can be used for forecasting the effective demand for 
Canadian crude. (See chart: Consumption of Petroleum Products in 
Canada 1926-1980.) Historical rates can be used as a guide. Projections 
of demand by individual use categories or by major refinery products can 
be employed. Though less reliable, an attempt can also be made to assess 
and add up regional petroleum requirements and, from time to time, 
international comparisons can be employed as a check on the results which 
have been obtained. In the interests of simplicity an average of the results 
obtained from the foregoing analysis has been selected in order to por- 
tray the most likely course of events. 


The first task was to choose a “reasonable” annual percentage rate of 
growth. Applied to current consumption, it would give some indication of 
future aggregate requirements. Starting at 6% and falling progressively to 
4%, such a series was assumed to reflect the likely course of demand over 
the next 25 years. Six per cent was believed likely to apply to the period 
from 1955 to 1960. Though well below the 12% figure recorded for the 
postwar years, it can be defended on several grounds: namely, that natural 
gas will begin to enter the eastern Canadian space heating and industrial fuel 
markets in 1959; that oil has already displaced coal in many of the applica- 
tions in which liquid fuels can be employed to greatest advantage; and, 
finally, that the oil industry itself regards a 6% rate as optimistic for this 
five-year interval. A 5% yearly rate was selected for the decade between 
1960 and 1970. It was chosen because this has been the experience in the 
United States at a time when the sale of natural gas and its various 
by-products was also vying actively with oil in a number of the latter’s 
major markets. After 1970, an average 4% rate, hinging on the belief that 
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oil’s share of the total Canadian energy market—already around 50% —is 
unlikely to increase thereafter. In other words, the demand for petroleum 
products may well parallel that of all other forms of fuel and power. As 
discussed elsewhere, 4% might well approximate the growth of Canada’s 
over-all energy requirements 20 to 30 years from now. 


On the average and taken over the entire period from 1955 to 1980, this 
is equivalent of a 4.5% rate. In other words Canadian requirements may, 
on these assumptions, approach a two million barrel a day rate by 1980 
(or approximately three times their 1955 rate 25 years from now.) 


All other forecast methods gave lower results. An analysis of demand 
by major end use, for example, indicated a total Canadian requirement in 
the vicinity of 1,850,000 barrels a day 25 years hence. A listing of the 
main reasons given for this progressive dropping off in requirements 
includes: 


(a) a proportionate decline, after 1960, in the amount of oil used for 
space heating; 


(b) completion of the railways’ dieselization programme in the early 
1960’s. This, plus the expected decline in the railway’s share of 
the total transportation market, points to a smaller Prgporion of 
refinery output being devoted to this purpose; 


(c) in manufacturing, oil has been gaining rapidly on coal. Only in 
a few areas has it had to compete with natural gas, propane, etc. 
From now on, it will find coal more difficult to displace. This is 
true particularly where energy is required in bulk and coal can be 
obtained from low cost sources in the United States. At the same 
time, its opportunities for growth will be restricted by offerings of 
natural gas, especially in British Columbia, Manitoba, Ontario and 
Quebec; 


(d) oil for the generation of electric power will be limited substantially 
to the Atlantic region; and 


(e) most other applications—though growing—are likely to be modest 
compared with total crude oil requirements. This applies to aviation 
use and the production of petrochemicals. That used by shipping 
may become stabilized relative to total economic activity. Propane 
may offer a certain amount of competition in agriculture and the 
amount of oil consumed by the industry itself may move more or 
less in line with its over-all total output of crude and products. 


A third method recognizes the demand for gasoline as a major determin- 
ant of refinery construction and, hence, of other product sales. In this 
instance, it has been necessary to forecast both motor vehicle population 
and per vehicle requirements in 1965 and 1980. Subsequently modified to 
allow for a moderate rise in percentage gasoline yield from crude, this 
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approach resulted in an estimated demand for petroleum products in 
Canada in the vicinity of 1,825,000 barrels a day 25 years hence. 


The estimate of passenger car registrations was made by assuming that 
this was a function of population, income and vehicle obsolescence. The 
same approach was used in respect to farm tractors except that the number 
of farms was substituted for population. The 1980 registration of farm 
tractors, incidentally, implies almost complete saturation. Increases in 
numbers of commercial vehicles were related to over-all expectations as to 
business activity and, again, of vehicle obsolescence. The following results 
were obtained: registrations at year end 1980—passenger cars, 9,120,000; 
commercial vehicles, 2,960,000; farm tractors, 940,000. 


Per vehicle usage had also to be assessed. Here it was assumed that 
there would be no major improvement in efficiencies of utilization between 
now and 1980. In other words, efficiency gained in the commercial sector 
due to the more extensive use of diesel and, possibly, free-piston type 
engines of larger sizes will be substantially offset by diseconomies in the 
privately-owned passenger car field. Past figures on per vehicle consump- 
tion were, therefore, employed, careful attention being paid to the effects 
of changes in the ratio of passenger cars to commercial vehicles. In total, 
the growing relative importance of the privately-owned automobile consid- 
ered, and allowing for the progressively greater number of automobiles, 
consumption per vehicle was expected to be up by roughly 10%. Total 
gasoline demand, on this basis, would rise by about 350% between now 
and 1980. 


Following this line of reasoning, the trend in average refinery gasoline 
yields had also to be established. In Canada, the quantity of gasoline ex- 
tracted from a barrel of crude oil has been falling. It dropped from 40% 
in 1948 to around 37% in 1955. In the United States, where space heating 
is less of a factor, where natural gas and its by-products have intercepted 
a number of demands which would otherwise have accrued to the lighter 
fuel oils, and where per capita vehicle ownership is higher, gasoline yields 
have consistently been higher. In the order of 42%, they are actually on 
the increase. Industry projections to 1965 see gasoline output as a per- 
centage of crude oil consumption reaching 45%. For purposes of this 
report, a turnaround in Canadian refinery practice has, consequently, been 
anticipated. In order to derive figures for total product demand, refinery 
gasoline yields of 40% and 42% were employed for the years 1965 and 
1980 respectively. 


A fourth approach involves a summation of regional demands. As 
reported elsewhere in this study (see Chapter 13), it resulted in a provi- 
sional estimate in the vincinity of 1,750,000 barrels a day for 1980. 


Having approached our problem from several different directions, we 
now find ourselves with a high of 2 million barrels a day, a low of 1,750,000 
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barrels a day, and several intermediate forecasts to choose from. Rather 
than select any one of them, an average has been struck. This indicates a 
total Canadian crude and product requirement in 1965 of 1 million barrels, 
and an average of 1,900,000 barrels a day in 1980. 


In order to see what this means to Canadian refinery throughout, some 
judgment must be applied to the future course of product imports. In 
recent years, they have accounted for between 15% and 20% of total 
Canadian consumption. The 1955 figure was approximately 16%. The 
majority of oil industry executives who were interviewed on this point 
believe that, over the next decade, the ratio between Canadian produced 
products and imports would be in the order of 7:1. 


After 1965, some increase in Canada’s self-sufficiency may occur. With 
a progressive moderation in total demand, refinery construction may eventu- 
ally catch up and, hence, be better adopted to the meeting of Canadian 
requirements. An invasion of natural gas into the space heating field could 
have a moderating effect on the production of middle distillates, particularly 
in southern Ontario. With the advent of the gas turbine, aviation gasoline 
requirements—most of them presently supplied from the United States— 
will subside. As regional markets reach a size sufficient to support the 
output of a well integrated refinery, fewer specialty items will have to be 
purchased elsewhere. On balance, it was thought that developments of this 
kind would perhaps more than offset an appreciable rise in imports of 
residual oil for power generating and other industrial purposes. In the 
following calculations, it has, therefore, been assumed that refineries in other 
countries will supply about 15% of Canada’s total oil needs in 1965 and 
around 12% in 1980. 


Allowing for an import contribution of this order of magnitude leads to 
a refinery crude oil requirement in Canada of some 850,000 barrels a day 
in 1965 and approximately 1,675,000 barrels a day in 1980. Next, in 
order to quantify the demand for Canadian crude, an appraisal of the 
regional prospects for refinery construction was carried out. The results 
of this analysis indicated that crude from western Canada might supply as 
much as 85% of the nation’s total refinery requirements 25 years from 
now.22 In volume terms, this amounts to some 710,000 barrels a day ten 
years from now and around 1,400,000 barrels a day 25 years hence. 


In order to determine the total demand for Canadian crude, exports 
must also be included. In looking ahead to 1980, three major United States 


“In order to complete these calculations, several assumptions had to be made. They 
were: (a) all refineries west of Montreal would operate entirely on Canadian crude 
after 1960; (b) a further 100,000 barrels per day of Canadian crude would be pro- 
cessed by Quebec refineries in 1965, 200,000 barrels per day in 1980; (c) Canadian 
demands over and above these amounts in Quebec and in the Atlantic region would 
be supplied from foreign sources—principally from the Caribbean area; (d) 75% of 
all Canadian product imports will enter the Maritimes, Newfoundland and Quebec. 
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market areas were considered to be within the orbit of western Canadian oil. 
These were the United States Pacific Northwest, northern California, and 
several major refining centres bordering on the Great Lakes. 


On the West Coast, the present Washington-Oregon market for Canadian 
crude promises to show considerable growth. Based on a 4.5% annual 
rate of growth to 1980, the total market for petroleum in that area would 
be at least 800,000 barrels per day. Assuming an approximate 75% share 
for Canadian crude, the market outlook for these two states would amount 
to some 600,000 barrels per day at the end of our forecast period. 


In California, the total state market for petroleum in 1980, assuming 
a lesser 4.25% annual rate of growth, would be about 2,200,000 barrels 
per day. If Canadian crude should capture 10% of this market, a daily out- 
let for 220,000 barrels would be provided. Considering the magnitude of 
this state market in relation to total potential supply from the United States 
west coast, a 15% share for Canadian crude might even be judged to be 
on the conservative side. 


In the north-central part of the United States, an encouraging market 
situation for Canadian crude has already developed in Minnesota, Wisconsin, 
and Michigan. Adding to these state markets, those of Illinois, Indiana, 
and Iowa and projecting a 20% share in the total market of this group of 
states by 1980, we find here another sizable market for Prairie oil. By 
1980, this group of states should, at a 4% annual growth rate, have a total 
market of 3,900,000 barrels per day. At 20%, the Canadian share would 
amount to some 780,000 barrels.?* 


In total, these projections indicate a possible market for Canadian crude 
oil in the United States by 1980 for some 1,600,000 barrels per day. Were 
it to be realized, it would represent only about 20% of the projected 25th 
year demand of refineries on the West Coast and in the midwestern states. 
Bearing in mind the rapid reserve build-up which is currently taking place in 
Canada and the strain which a continuing growth in United States require- 
ments may place upon that country’s resources after 1965, some such pro- 
portion as this might well be attained. Even more important arithmetically is 
the assumed rate of growth in demand. Were this to be 4.5% or even 5% 
per annum in the majority of these export areas, western Canada’s con- 
tribution would appear to be smaller still.?* 


Some movement of Canadian crude even farther east might be anticipated. The 
New York-Pennsylvania-New England States’ market will total some 5,200,000 barrels 
a day in 1980 if growth continues at the nominal 4% rate. Even a 5% share in this 
total market would presume daily shipments of 260,000 barrels from Canada. No 
provisions for this has been made in this exercise. 

*For example, if a continuing 5% per annum rate of increase in demand in these 
potential export areas were to be used, a Canadian sale of 1,600,000 barrels a day 
would serve only about 15% of the total crude and product demand in these regions 
in 1980. 
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As we have seen, the potential market for western Canadian crude in 
Canada may approach 1,400,000 barrels a day in 1980. Assuming the 
oil is there, export outlets the equivalent of 1,600,000 barrels a day may 
also be available to adjoining areas of the United States. For this reason, 
a total demand for Canadian crude of three million barrels a day has been 
chosen as representative of the likely state of affairs 20 to 30 years from 
now. 


Supply estimates must, of necessity, be even more tentative in nature. 
Physically, there appears to be no reason why Canada cannot become a 
substantial producer of crude petroleum. The nation’s favourable petroli- 
ferous areas are extensive. Besides, oil has been found in many of the 
geological horizons which have been proven productive elsewhere on the 
North American continent. Costs of exploration, development and produc- 
tion are also below the American average. Due to the fact that the search 
for oil has only recently commenced in this country and that much of the 
Canadian oil will come from relatively young fields, this may continue to 
be the case for several decades. 


Net-back prices to Canadian producers, meanwhile, may remain rela- 
tively stable. Further economies in transmission will help to offset the 
need to sell over greater distances. Assuming a limitation of overseas 
imports, market prices, particularly in the United States, may rise. The 
amount of oil shut-in for lack of outlets may also be reduced in time. 
Effectively this would raise the rate of return on investment. Hence, it, too, 
should provide a further stimulus to the search for additional reserves in 
this country. What the results will be is difficult if not impossible to fore- 
cast. Yet most competent observers, inside the industry and outside, can 
see that the servicing of an annual demand in the vicinity of three million 
barrels a day is possible. Some would even venture to say that, given con- 
tinuity in demand and some appreciation in price, even larger quantities of 
oii would be found in this country. 


After careful study, three possibilities have been envisaged. Under 
Case A, we have assumed that the reserve position will be sufficient to 
maintain an annual output of 2.5 million barrels a day in 1980. In this 
case, export markets would be confined to the United States Pacific North- 
west, Middle West, and north central states. In establishing Case B (which 
envisages an annual output of three million barrels a day), Canadian oil is 
also assumed to be entering the San Francisco and the Detroit-Toledo areas 
in substantial volume 25 years from now. Case C, which is consistent with 
an annual output of some 3.5 million barrels of Canadian crude a day is even 
more optimistic. Its realization implies two things: a still more favourable 
rate of discovery in Canada, on the one hand, and a greater than 4% per 
annum rate of growth in demand for petroleum products in the aforement- 
ioned market areas in the United States. 
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These expectations are further outlined in the accompanying chart, 
entitled Crude Oil Supply-Demand Trends in Canada 1950-1980. In 
summary, it shows that: 


(1) while Canada’s over-all energy requirements may rise about 2.8-fold 
the demand in this country for crude petroleum may treble between 
1955 and 1980; 


(2) the total demand for Canadian crude may multiply by between 
eight and ten times with production reaching a level of three million 
barrels a day 25 years from now. Its magnitude, however, will be 
dependent more on supply than on market considerations; 


(3) crude oil reserves of around 25 billion barrels of oil might be found. 
Of this, 12 billion might have been produced by 1980, and some 
13 billion barrels could therefore be considered as reserves in sight 
in that year; 


(4) shut-in production, on these assumptions, would fall from its present 
45% of the maximum economic rate of production to around 10% 
in 1980; and 


(5) Canadian exports of crude oil will exceed imports by a margin of 
6:1 or 7:1, 20 or 30 years from now. 


Section VI: The Long-Term Development Programme 


Investment Aspects 


In the eight-year interval since the discovery of the Leduc field early 
in 1947, the oil industry has invested over $3,000 million in its efforts to 
find, produce, transport and process its products for market. These outlays, 
furthermore, have followed a rising trend. In 1946, for instance, expendi- 
tures on exploration and development expenses totalled only $15 million. 
By 1950, they had reached $150 million, and in 1955 they were known to 
have exceeded $400 million. As a rough measure of the interest which the 
large international and smaller Canadian companies have been taking in the 
opportunities offered by this resource, this record is impressive indeed. 


Other measures can, of course, be employed. The amount of land under 
reservation or lease has risen tenfold. Acreage committed in this way now 
includes most of the likely oil country in British Columbia, Alberta, west 
central and southern Saskatchewan and southwest Manitoba. Fewer than 
20 geophysical crews were at work in 1946. Over the past five years their 
number has ranged between 160 and 190. The total number of wells 
drilled in western Canada has also shot upward. In the order of 3,000 in 
1955 they marked an approximate ninefold increase over the numbers 
being run in eight years previously. 
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Expenditures on pipeline and other transportation facilities have been 
more intermittent in nature. They rose sharply in 1950 and 1952 when 
major new transmission links were being forged, only to drop back again a 
year or so later. Even here the progressive looping (in order to increase 
throughput) has resulted in a greater degree of continuity in investment 
than was formerly expected to be the case. Each year since 1952 the 
industry has spent no less than $65 million on this phase of its expansion. 


Meanwhile, new refinery capacity is continually being built. Outlays 
designed to produce both a greater volume and a wider variety of petroleum 
products have edged persistently upward. In 1955 alone the cost of erecting 
new processing plants was in the vicinity of $100 million. The following 
table indicates in a general way both these changing magnitudes and the 
shifting regional emphasis of this more domestically market oriented pro- 
gramme. 


Year-end Capacity in Thousands of Barrels of Crude Oil per Day 


British Prairie Atlantic 
Year Columbia Provinces Ontario Quebec Region Total 
1945 Dal 41 eS) 59 34 230 
1950 29 88 WN) 143 22 Bi, 
1955? 67 174 149 210 18 618 


“At the end of 1956, there were 24 companies operating 43 oil refineries in Canada 
with capacities ranging from 300 barrels per day to 80,000 barrels per day. 


In order to make up ground lost during World War II, the Canadian 
oil refinery operators immediately embarked upon an extensive programme 
both of expansion and modernization. During the past decade, as we have 
seen, they have succeeded in raising the rated capacity of their plant three- 
fold. In addition, considerable emphasis has been placed on the installation 
of catalytic cracking and reforming units. This has been done in order 
that a larger proportion of the nation’s high quality gasoline and distillate 
demands could be produced from the crude oil available. 


Initially, much of the new capacity was installed in the Prairie Provinces 
and in Montreal. Somewhat later, with the arrival of Alberta oil in south- 
ern Ontario and in Vancouver, refineries in the Sarnia and Toronto areas 
and on the West Coast began to receive more attention. Latterly, additional 
capacity appears to have been added more or less uniformly across the 
country with substantial additions or complete rebuilding programmes being 
initiated in most of the major centres from Halifax to Vancouver, B.C. 


The outlook, in so far as new investment in this phase of the industry’s 
activities is concerned, is reassuring. As long as Canadian consumption 
of petroleum products continues to rise at an annual rate in the vicinity of 
5% the industry will have to continue to invest anywhere between $75 
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and $100 million a year in order to maintain its position relative to imports 
in the Canadian market. 


Outlays in respect to marketing have, similarly, continued to mount. 
Now in the order of $50 million annually, they too, may level off when 
greater competition is felt from natural gas. However, if the relative size 
and continuity which has been evident in the later phase of the industry’s 
growth in the United States can be taken as any guide, marketing like 
refinery investment will remain one of the most active sectors of expenditure 
in the Canadian economy. 


Table 13 shows somewhat greater percentage expenditures in transpor- 
tation in Canada than in the United States with corresponding smaller 
expenditures in exploration, development and production in Canada. Per- 
centage expenditures in refineries and marketing are similar in both coun- 
tries. (See chart: Investment in the Petroleum Industry Canada and United 
States 1946-1955.) 


Structure of the Canadian Industry 


The Canadian oil industry consists mainly of large firms with important 
international connections—a state of affairs which is also true of petroleum 
operations in most other producing countries. Here 70% of the land 
under reservation or lease and close to 80% of the presently proven oil 
reserves in the four western provinces are known to be in the hands 
of corporations owned and controlled in the United States. Canadian 
independents, several of which are partly integrated in the sense that they 
engage in several phases of the industry’s activities, hold 10% to 15% of 
the acreage and about 12% of the known oil reserves of western Canada. 
The balance is in the hands of other foreign investors, principally corpora- 
tions headquartered in the United Kingdom, Belgium, Holland and France. 
(See chart: Remaining Reserves, Crude Oil and Natural Gas Liquids— 
Western Canada. ) 


Since the late 1940’s, Canada has passed through a major investment 
boom. A large number of small companies were launched. Many of these 
have since disappeared, having sold out to the larger corporations or 
merged into a smaller number of more solvent concerns. One effect was 
that the major oil companies lost ground in the early 1950’s in respect to 
gross acreage holdings. The fact that they have been at once more active 
and more discerning in so far as exploration and development are concerned, 
has had its rewards, however. At the present time, six of the largest inter- 
nationally connected majors—Imperial Oil Limited, California Standard 
Company, Shell Oil Company of Canada Limited, The British American 
Oil Company, Limited, Texaco Exploration Limited and Mobil Oil of 
Canada Limited—hold, between them, about 40% of the gross acreage 
under reservation and lease in western Canada. They, at the same time, 
control about three-quarters of the proven oil reserves in this country. 
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In recent years high bidding in provincial government land sales has 
prohibited the smaller companies with limited capital resources from 
acquiring land in the more favourable oil and gas areas. Reluctance to cancel 
expired though still remunerative leases has had a similar effect. 


Oil pipelining in Canada has also become a major industry. Beginning 
with the construction of the Portland-Montreal pipeline in 1941 and given 
considerable impetus by the discoveries in western Canada after 1947, it 
has now grown to the point where main transmission lines with a combined 
length of 6,000 miles are in operation across the country. As a rule these 
facilities are operated by the large internationally connected oil companies. 
Ownership and control is overwhelmingly in non-resident hands. 


Imperial Oil Limited is still the giant of the industry when it comes to the 

refining of crude oil. At the end of 1956 its nine refineries, located all the 
- way from Halifax to Vancouver, accounted for 41% of the industry’s total 
capacity. Next in line was The British American Oil Company Limited 
with 13%. Shell Oil Company of Canada Limited was third with 10.5% 
and McColl-Frontenac Oil Company fourth with 10%. Companies whose 
ownership still rests preponderantly in Canada accounted for less than 15% 
of total capacity. There is, however, an important role for the small re- 
fineries as evidenced by the fact that one-half of Canadian refineries have 
capacities less than 10,000 barrels a day. 


In 1956, for the oil industry as a whole, control lay with Canadian com- 
panies to the extent of 21% while United States companies controlled 
73% and other foreign companies 6%. 
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THE PETROLEUM INDUSTRY 


A good deal of concern has been expressed, particularly in the United 
States, about the possibilities for survival of the small, comparatively non- 
integrated producer or refiner. The Canadian record, while it has its 
exceptions, also points up the advantage of size, international corporate ties 
and influence in other sectors of the industry’s operations. Thus, the amount 
of crude oil refined by the small independents in the United States has 
fallen from around 24% of the total in 1935 to around 11% at the present 
time. (The figure for Canada in 1955 was approximately 12%.) Few 
small or independent concerns have managed to retain their identity in the 
pipeline business. They have managed to get much farther into the drilling 
and crude oil producing end of the business. In this they take a goodly 
measure of the risks but, in Canada, more often work under contract. If 
successful they still sell most, if not all, of their pro-rated output to the 
larger and financially stronger firms. Canada’s case is only exceptional in 
that large companies are relatively more active in oil drilling than they are 
in the United States. 


The following tabulation, which pertains to companies having a crude 
oil production or refinery run average of less than 10,000 bbls. per day, if 
it is indicative of a trend, shows that the opportunities for integration ver- 
tically towards the market are both limited and becoming less so with time. 


Percent of Total Industry Activity Carried out by Small Companies 


United States Canada 
1935 1946 1955 1955 
No. of wells drilled not available 78 562 
Gross crude production 41 Su 38 308 
Refinery runs 24 15 iN 12 


“Included in the “under 10,000 barrels a day” category are numerous firms with in- 
ternational backing whose crude producing, transportation and refinery investments 
outside of Canada warrant their being ranked as sizable and often fully integrated 
producers. 


Most successful oil undertakings do not start as integrated concerns, but 
the circumstances attending their various operations usually tend to drive 
them in that direction. On this continent, there have been wide fluctuations 
and different timing of profit opportunities within the various branches of 
the industry. This has made it attractive (or even desirable) to link up 
operations in more than one branch and so to achieve not only operational 
stability but also some stability of over-all earnings down the years. One of 
the most impelling forces in the past has been the comparative abundance 
or shortage of crude oil. 


Investment, cost and profit considerations have been the most important 
factors influencing integration in the past. In both the refining and pipeline 
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phases of the oil industry, the plant and equipment employed is very 
expensive and highly specialized. It must, furthermore, be employed at full 
or near-to-full capacity, and if not utilized for its intended purpose is 
virtually worthless. Thus, integration by refiners, both forward into market- 
ing and backward into crude production is a logical economic process. A 
parallel situation exists in the crude production sector, where very heavy 
and frequently unrewarding expenditures are normally incurred in the early 
stages of a new area’s development. 


A certain and stable outlet for the crude ultimately discovered is best 
assured by entry also into refining. As in other sectors of the oil industry, 
the high cost and specialized character of the equipment make full utiliza- 
tion important. In a setting of abundant supplies and keen competition 
it is natural to try to ensure this by linking, in one form or another, one 
operation with the next. The capital investment for the programmes of a 
progressive, integrated concern requires the accumulation of extensive 
capital resources. This, too, enhances the significance of stability in earn- 
ings, which is more likely to be obtained by a large and well rounded 
operation than by a small, non-integrated and comparatively unknown 
competitor. 


Strengthening these obvious commercial tendencies toward integration 
are the many advantages which ensue from over-all planning. Co-ordinated 
investment in different sectors becomes possible, and highly useful and 
profitable investments may thus be made which, to a firm engaged at only 
one level in the industry, might appear to be of dubious financial worth. 
Thus, the logistical and storage problems posed by short-term but large-scale 
fluctuations in demand (for example the seasonal swings in the demand for 
heating oils) may be more smoothly met. Not only is the integrated con- 
cern able to link together its investment and operational decisions in respect 
to each sector of activity, but also it has available to it the fullest informa- 
tion on trends and prospects in every phase of the industry. 


For these reasons the internationally owned and controlled firms will 
probably continue to dominate all phases of the oil industry in this country. 
Meanwhile, most Canadian independents, lacking these strengths, have little 
chance of becoming majors in the Canadian oil business during the next 20 
to 30 years. 


Financing of the Canadian Oil Development Programme 


Under ordinary circumstances, no growing industry can finance all of 
its capital requirements from its own savings. Resort must occasionally be 
made to the capital market; that is, to outside sources of funds. The fin- 
ancial reserves of individuals and institutions are thereby mobilized in the 
expectation that they will be reimbursed out of future corporate income or, 
in the case of the sale of equity stock, through participation in the company’s 
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profits. The media through which the oil industry usually obtains these 
outside funds includes borrowings from banks, insurance companies and 
other institutions and the sale of common and preferred stocks. 


The relative importance of these various sources has changed over the 
past quarter century. In the 1930’s, activity in the oil industry was regarded 
as much more hazardous financially than it is today. For this reason, the 
banks and insurance companies were less willing to lend their credit. 
Financing, to the extent that it could not be obtained out of company 
revenues, usually involved a sizable admixture of sales of preferred and 
common stocks. The opportunity for changes in corporate control, ob- 
viously, was much greater and the opportunities for individual participation 
in ownership much more widespread than today. In the interval, and 
particularly since the late 1940’s, the oil industry has become much more 
respectable. Today, it has much less difficulty in borrowing money. Issues 
of preferred and common stock are held to a minimum and the industry’s 
existing corporate structure, therefore, tends to be much more perpetuated. 


These trends in financing are clearly illustrated in reports which have 
been issued from time to time by the Chase National Bank. They show 
that the industry is generating a much larger proportion of its investment 
capital internally from revenue, and hence relying much less on external 
sources, than was the case 20 or 30 years ago. Again, and in respect to 
external sources of financing, other changes have been taking place. 
Whereas the public supplied 90% of the funds obtained outside the industry 
in the mid-1930’s, banks and insurance companies together now provide 
almost 60% of such funds. With this relative decline in preferred and 
common stock offerings the opportunities for decided change in ownership 
and control are reduced and this applies with even greater force in Canada 
than in the United States. 


As far as Canadian participation is concerned, another factor also has to 
be taken into account. With three-quarters or more of the oil industry 
integrated abroad, only a relatively small proportion of the equity issues 
are ever offered for sale in this country. Again, when issuances are made, 
substantial blocks are reserved for purchases by the major oil companies 
themselves. Of the remainder, half or more is often released in the princi- 
pal money markets of the United States. The net effect of all this has 
been that most of the Canadian money finding its way into the domestic 
oil business has gone towards the purchase of bonds with a limited life and 
a guaranteed rate of interest rather than into the riskier and frequently more 
lucrative field of outright ownership. 


Unless the policy of a number of the major companies changes in this 
respect, there may be even less opportunity for Canadian nationals to buy 
into the oil industry in future. The most difficult phase, in so far as the 
raising of investment capital is concerned, is largely over. Revenues from 
the sale of crude oil production are now on the increase. Within the next 
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few years they may be sufficient to cover the industry’s total expenditures 
on exploration, development and production. No longer will parent com- 
panies be required to pour millions of dollars into Canada with little chance 
of earning a return for a decade or more. Also, there is less likelihood of 
companies like Imperial Oil selling, outright, their interests in subsidiary 
companies in order to obtain sufficient funds to carry on an accelerated 
programme of exploration and development. From now on, therefore, it 
looks as if the plowing back of retained profits from crude sales and 
Canadian refinery operations will play much more rather than a less 
important role in the providing of future capital for growth in this country. 

The accompanying chart, Source and Disposition of Funds Employed 
in the Petroleum Industries of Canada and the United States for the Years 
1946 to 1955, contrasts the importance of retained earnings in the two 
countries. 


SOURCE AND DISPOSITION OF FUNDS EMPLOYED IN 
THE PETROLEUM INDUSTRY — CANADA AND THE UNITED STATES 1946-1955 


CANADA 
SOURCE o7 Companies DISPOSITION 


OTHER 
SOURCES 


} 16% 
E 
{———  — — 
Debenditures 
14% 
i 


Sinking Fund Notes 2% 
Bank Loans 1% 


FUNDED 
DEBT 


Preferred 4% 


: UNITED STATES 
SOURCE DISPOSITION 


xploration 
evelopment 


nd Productio 
72% 


Bonds Debenditures 4% 
Bank Loans 3% 
Equity Stock 1% 
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Source and Disposition of Funds Employed in the 
Petroleum Industries of Canada and the United States 


1946-55 
Canada United States 
Millions Percentage Millions Percentage 
of of of of 
dollars total dollars total 
Source® 
Provided by Earnings 819 | 26,787 86.1 
Funded Debt 936 3383 23035 6.6 
Bonds 437 15.6 
Debentures 406 14.4 P22 1 4.0 
Sinking Fund Notes Sil 1.8 
Bank Loans 39 1.4 814 2.6 
Promissory Notes 3 0.1 
Equity Stock 425 tel 401 ie3 
Preferred 107 3.8 
Common 318 113 
Other Sources 631 DIBA as 1,874 6.0 
Parent or Major 
Interests 506 18.0 168 0.5 
Sale of Assets 125 4.5 1,706 Se) 
Total all Sources 2,811 100.0 31,097 100.0 
Disposition 
Exploration, Development 
and Production 2,076 O3°7 27,300" 71.6 
Transportation 472 14.5 2,880 126 
Refineries 473 14.5 a.050 13.5 
Marketing 2: ips 2,870 Tas 
Total Disposition 33208 100.0 38,100 100.0 


*In this analysis the measured source of funds is 86.3% of total disposition of funds 
for Canada and 81.6% for United States. 

"Includes cost of drilling dry holes and lease acquisitions but excludes exploration 
expenses and lease rentals; these latter charges are, however, excluded in the Cana- 
dian total of $2,076 million. 
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Section I: Introduction 


The use of natural gas both as a fuel and as a raw material is increasing 
rapidly. In the early 1920’s consumption was still confined to areas close 
to the gas fields. Wastage, as a result of operations in the oil industry, was 
considerable. . Since then, however, a number of things have happened. 
First, satisfactory methods were developed for the fabrication in quantity of 
large diameter, high-pressure steel pipe. Then, as special pipe laying ma- 
chinery became available, the building of long distance transmission lines 
began. Improved conservation practice made available large quantities of 
natural gas to the newly formed transportation utilities. Prices, particularly 
at the field, were favourable and soon its properties as the cleanest, most 
convenient and most readily controllable of fuels began to be recognized in 
centres which had never before been served in this way. As a result of all 
these developments natural gas began to be transported first hundreds of 
miles, and later distances up to 2,000 miles, away from its point of origin. 


Over the past thirty years expansion in this industry has been nothing 
short of spectacular. Consumption in North America has risen sixfold since 
1935 and considerably more than doubled since 1945. Its use as a source 
of energy has therefore been rising in relative as well as absolute terms. 
Gaining on coal ever since 1900, it is now overhauling oil in a number of 
its major markets as well. From less than 5% a quarter of a century ago 
it now supplies about one-quarter of the total energy needs of the United 
States. (By contrast, natural gas’ share of the Canadian energy market, 
though rising rapidly, is still only 6%.) 


Natural gas is, today, the cheapest source of energy for many purposes. 
Long-term supply contracts have helped to hold its price down to former 
levels. Because of efficiencies of scale, load balancing and the increasing 
use of terminal storage, capital charges per unit of throughput have tended 
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to decline rather than increase. Salaries and wages are a relatively small 
item of expense. Natural gas, the production, transmission and distribu- 
tion of which requires fewer man-hours than the other fuels, is therefore less 
vulnerable during periods of inflation. Since the general price level may 
continue to edge upward over the next quarter century, this novel fuel, 
because of the dominance of capital charges in its cost structure may 
continue to enjoy an advantage over oil and particularly coal in many areas 
and applications. 


Favourable prices are not the only reason for its being in such demand. 
Gas stoves, furnaces and other equipment are usually cheaper to build, to 
install and to maintain. The question of user inventories, as with electricity, 
does not arise. In industry, natural gas is usually preferred in situations 
where extreme cleanliness and accurate temperature control are essential. 
Experience has also shown that supplies are rarely jeopardized by labour 
disputes and that the fire hazard and poisonous effects of the older manu- 
factured product can be largely eliminated. With all this in its favour there 
will probably continue to be more customers waiting to be served than 
there are proven gas reserves, pipelines and distributing systems available 
to supply them. 


In reviewing the principal trends underlying the growth and demand for 
natural gas one must concern himself with three main groups of customers; 
that is to say, household, commercial and industrial users. The first two, 
while they account for less than one-third of the total volume of natural 
gas marketing on this continent, pay much higher prices. Consequently 
they provide two-thirds or more of the industry’s total revenue. Industrial 
users, meanwhile, pay much less. They absorb about 70% by volume of 
all the gas produced on this continent. 


On the average, household consumers pay about three and a half times 
and commercial users about two and a half times as much as industrial 
concerns. The latter are charged less not only because of their high volume 
use per individual connection but also because they are prepared to take 
gas at times when it cannot be sold more advantageously to customers in the 
higher-priced brackets. Thus industry, as a result of its willingness to buy 
on an interruptible basis, helps to keep the main transmission lines and 
distributing systems operating at or near maximum capacity 24 hours a day 
and 365 days a year. 


While the residential and commercial markets for natural gas constitute 
the financial backbone of most natural gas operations, a substantial volume 
of industrial sales is also essential to the financing of most longer lines. The 
highly variable nature of space heating and certain other household and 
commercial loads would, if served exclusively, result in relatively low pipe- 
line and distributing system load factors. Terminal storage when used to 
absorb the over-run helps. However, it is the more highly diversified indust- 
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rial communities which can usually be served most economically by long 
distance pipeline gas. 


Industrial uses vary both as to price and location. Oil and gas field oper- 
ations are still the most important in volume terms. Not only is a great deal 
of natural gas employed in lifting oil to the surface but it is also essential to 
secondary crude recovery and pressure maintenance programmes. Further 
quantities are burned in drilling and pumping equipment. In all, about 15% 
of North America’s total gas production is being used in or near the oil and 
gas fields themselves. The growth of alternative markets, greater knowledge 
of underground reservoirs and their behaviour and improved conservation 
practices are all helping to reduce this figure. 


The next largest industrial use is the production of electricity. Currently, 
this application absorbs one out of every ten cubic feet produced.’ Here 
again, consumption is confined largely to the main producing areas. Carried 
500 miles or more, natural gas becomes too expensive to be used in the 
continuous firing of power plant boilers and gas turbines. Under these 
circumstances, it can rarely be laid down at prices competitive with the 
cheaper grades of steam coal. There are exceptions of course. A few utilities 
remote from the producing fields and lacking low-cost water power or coal 
resources of their own have found it best to use natural gas in thermal plants 
seasonally or otherwise on an interruptible basis. 


Both the oil refining and petrochemical industries have been wont to 
turn to natural gas. Refineries converting crude oil into petroleum products 
now use about 7% of all the natural gas marketed commercially on this 
continent. Priced low enough it can be burned in lieu of a number of the 
lighter petroleum fractions which are then sold more profitably for the pro- 
duction of organic chemicals or of bottled gas. The amount of natural gas 
which is converted directly into other petrochemicals presently amounts to 
about 2% of all North American consumption by volume. 


Cement production is another substantial consumer of natural gas. 
Numerous plants within several hundred miles of the gas fields have, for 
reasons either of price or of labour and other economies converted entirely to 
the use of this fuel. Intermittant purchases are also made by cement manu- 
facturers who can be served by the longer main transmission lines. During 
periods of peak gas demand these installations, like other heavy industry, 
frequently shift over to coal or oil or shut down, as they eventually must, for 
overhauls. 


Many other manufacturing industries are employing natural gas. Some 
are large volume users paying low to medium prices. Others use natural gas 
more sparingly and pay premium prices which reflect its intrinsic value 


{This ratio applies essentially to the United States. Comparatively little natural gas 
is, as yet, used for the generation of electricity in Canada. 
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in their operations. The primary steel mills are beginning to use natural 
gas more in their open hearths instead of residual oil. Other metallurgical 
plants are employing it both as a source of process chemicals and for the 
generation of heat. Brick plants and glass producers prefer natural gas 
over other fuels on grounds mostly of quality. In the production of foods its 
cleanliness aids in processing. Secondary industries engaged in the fabri- 
cation of metals and the production of secondary chemicals also prefer 
natural gas when it can be obtained at a price comparable to that charged 
for oil. Unlike the major consuming industries discussed previously, they 
are generally to be found in and around the main industrial centres—that 
is, at a distance from the principal areas in which gas is produced. 


Market forces, though they are delayed in their effect, are tending to 
divert an increasing volume of gas into the higher-priced applications. The 
number of residential, commercial and small industrial customers is rising 
rapidly. Meanwhile, fewer contracts are being written which will permit 
bulk sales to heavy industry at low prices, or in circumstances in which these 
demands could reasonably well be served using coal or a residual oil. 


Rising costs are also a factor. On the average, natural gas is having to be 
transported over much greater distances. Hence an increasing proportion of 
the industry’s expenditures is taking the form of capital outlays on main line 
transmission and distributing facilities. Market factors are having a similar 
effect. Gas at the field is being bid up to a price more in line with oil at the 
wellhead and coal at the mine. With these forces at work, additional reserves 
of natural gas are being sought for and even larger volumes committed to 
distant and highly diversified markets in a manner quite different from that 
characterized by other branches of the petroleum industry. 


Section IT: Background of the Industry 
Regional Developments in United States 


Natural gas is now—or soon will be—offered for sale in all of the prin- 
cipal fuel consuming areas of North America. Projects approved and pres- 
ently under construction will see the inclusion of the United States Pacific 
Northwest, British Columbia, Manitoba and most of Ontario and southern 
Quebec. After that the Atlantic provinces will be the only major region 
on this continent remaining to be served. Possibly by 1980, with further 
improvements in long distance pipeline transmission and the development 
of pressurized tanker and other water transport, even they may have access 
to this unique source of fuel and chemical raw materials. 


Only in the postwar period has natural gas begun to move in volume 
into the more highly populated Eastern and North Eastern States. Ten 
years ago the larger cities, from Washington to Boston, were regarded as 
strongholds of manufactured gas. Today the situation is quite different. 
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Now practically every gas utility along the Atlantic coast is engaged in 
marketing natural gas alone or as a mixture with the artificial product. 


The demand for natural gas is just as pressing in parts of the United 
States which have used it for years. The Appalachian region, which includes 
most of Western New York and Pennsylvania, Kentucky, West Virginia 
and Ohio, is a case in point. Many natural gas distributing utilities can trace 
their beginnings back to the 1870’s and 1880’s when sizable gas reserves 
were discovered in those states. Later as production began to diminish, it 
became necessary to supplement local production with gas from the newer 
and much more extensive fields in the southwest. Now practically all of 
the growth requirements of the region are being piped in from Texas and 
Louisiana. 


Some of the lines running into the middle west were built when con- 
struction costs were less than half of what they are today and gas in the 
ground could be bought for a fraction of its present wellhead value. Many 
of the supply contracts on which they were financed are still in effect. Low 
prices, meanwhile, have stimulated demand. So much so that restrictions on 
the installation of new gas burning equipment have, at times, had to be 
imposed on industry in order to ensure adequate supplies for existing 
customers. In an attempt to meet these deficiencies half a dozen new pipe- 
lines have been built from the Gulf coast area to serve Detroit, Chicago and 
other middle western centres since 1945. 


Another large utility market for long distance pipeline gas is California. 
Still relying largely on its own resources as late as 1950 this state now 
consumes half as much as the entire middle west and is now facing a gas 
shortage. Since World War II no major discoveries have been made 
and it has therefore been necessary to turn to more remote sources such 
as west Texas for additional supplies. Rising prices and the dedication of 
reserves in these other producing states to local, middle western and eastern 
markets have resulted in a growing interest in western Canadian gas. 
particularly that which could be moved directly southward through Wash- 
ington and Oregon into northern California. 


While some of the northern states such as Montana and Wyoming have 
been supplied by local fields, the United States Pacific Northwest has only 
now begun to switch over from the manufactured gas. Geographical con- 
siderations indicate that western Canada is its logical source of supply. 
However, for a few years, gas from New Mexico will also be entering 
Washington and Oregon in substantial volume. Deliveries commenced 
late in 1956. 


The following table which records the growth in consumption of the 
principal gas consuming areas of the United States also gives an idea of 
their present order of magnitude: 
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Quantity in Billions of Cubic Feet 


Region 1932 1935 1940 1945 1950 1955 
New England — — — — — 65 
Middle Atlantic 70 127 148 179 Se 708 
East north central 56 183 280 394 ROL. 1274 
West north central 41 156 222, 334 592 898 
South Atlantic 101 66 111 143 246 451 
East south central 38 45 de} £33 298 525 
West south central 924 DO See 1330 0) F12 Oi Sule 2092 2h) 540 
Mountain 62 86 135 200 391 586 
Pacific 263 284 32 502 684 1,021 

Total U.S. Vo et LO 0). 5,900) J°6,.026" 9069 


Source: All years—U.S. Bureau of Mines. 


Regional Developments in Canada 


To date, natural gas has accounted for only a small part of Canada’s 
total fuel requirements (i.e. 6% in 1955). Its use in that year was still 
confined to central and southern Alberta, central Saskatchewan, western 
Ontario and the immediate vicinity of Moncton, N.B. 


Over the next few years all this will change. Utilities in most of the 
larger cities and towns in British Columbia, southern Saskatchewan, Mani- 
toba, Ontario and southern Quebec will be supplied by the Westcoast and 
Trans-Canada pipeline systems by 1960. Later, extensions designed to serve 
new export markets or to supply certain isolated manufacturing plants in 
Canada will bring in an even greater proportion of the population within 
the orbit of this industry’s activities. However, before attempting to assess 
the size and probable rate of growth of these outlets let us review briefly 
the record of past developments in this country. 


Southern Ontario 


Much of the natural gas used in Ontario is still being drawn from the 
fields in the southwestern corner of the province. This well known source 
area, which is generally more widespread than that yielding oil, borders 
on Lake Erie. There geological structures in which gas is being found 
resemble similar gas-bearing formations paralleling the Appalachian Moun- 
tains in the United States. Available drilling records and other geological 
data indicate a definite northern limit to these occurrences.? Southward, 
however, pockets of gas are known to exist along the shoreline and out under 
Lake Erie. 


"The Canadian Shield, the southern limit of which runs from Georgian Bay to the 
St. Lawrence River near Kingston, contains no structures suitable for the occurrence 


of either oil or natural gas. 
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Gas from this general vicinity, which was marketed as early as 1880 
and at one time exported to the United States, is still being distributed in 
centres such as Sarnia, Windsor, Chatham, London and Niagara Falls. 
Output, while it has held up well in recent years, is not believed to be capable 
of considerable expansion. Over the past decade it has been supplemented 
both by gas manufactured from coal and oil and by imports from the 
United States. 


Supplies bought from nearby American systems have only become signi- 
ficant since the end of World War II. At first brought across the Detroit 
River at Windsor as summer surplus gas and stored underground in ex- 
hausted oil and gas fields, it has since been supplemented by year-round 
supplies entering Canada at Niagara Falls and destined primarily for use 
in the Toronto area. While these quantities, including local production, are 
far from being adequate to meet the future needs of Canada’s most highly 
industrialized province, they have been useful in building up sales prepara- 
tory to the arrival of much larger quantities of gas from western Canada. 


Alberta 


As is the case with oil, Alberta possesses reserves many times those 
discovered elsewhere in this country. Even though sizable finds have also 
been made in British Columbia and, to a lesser extent, in Saskatchewan, 
close to 90% of all the natural gas used in Canada is produced there. 
Also, in contrast to Ontario where proven reserves are barely adequate to 
support existing contracts, output has been rising rapidly and a mounting 
surplus has been declared available for export. 


The natural gas industry—as of 1955—was still largely confined to the 
southern half of the province. The known fields which are more scattered 
than those producing oil are found in the foothills region of the Rockies 
and out on the Great Plains, all the way from the International Boundary 
to the Peace River District. Available drilling records and other geological 
data have not as yet indicated any clear cut eastern or northern limit to 
future discovery possibilities.* 


At the present time the Turner Valley supplies about one-fifth of all the 
gas consumed in Alberta. Along with a newer pool at Jumping Pound, it 
serves Calgary, Lethbridge, and a number of other communities in the 
southern part of the province. Edmonton is supplied principally by the 
Viking Kinsella field, still the second largest gas producing area in the 
province.* Towns as far south as Red Deer also draw gas from this source. 
Meanwhile, an extensive grid or network of export and local distributing 
lines is gradually being built up to serve most of the other and smaller cities 
and towns in Alberta. 


*The Canadian shield is found only in the extreme northeast corner of the province. 
“Augmented by gas recovered from the oil operations at nearby Leduc. 
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The discovery of gas in Alberta dates back to 1884 and commercial 
production to about 1904. In the latter year, supplies of gas were first 
drawn from shallow wells at Medicine Hat. In 1909, the Bow Island field 
was discovered and three years later a 170-mile, 16-inch line was built to 
pipe natural gas to Calgary.® Gas had been detected in the Turner Valley at 
a very early date but the discovery well was not drilled until 1913. Ex- 
tensive development in Turner Valley did not begin until 1936 when oil 
was discovered there. Dry gas was found in the Kinsella area in 1914 and 
transmission to Edmonton commenced in 1923. 


After 1924, the situation in Alberta was dominated by Turner Valley, 
first as a gas-condensate and later as a crude oil field. During the late 
1930’s, drilling operations declined. Production was then greatly in excess 
of market requirements. At least one trillion cubic feet are estimated to 
have been wasted by flaring at the wellhead. It was not till after the 
discovery of oil that voluntary conservation practices and measures enforced 
by the Alberta Petroleum and Natural Gas Conservation Board helped to 
reduce wasteful withdrawals from this and other fields. 


The discovery of crude oil in 1936 gave considerable impetus to explora- 
tion activity and other wells were drilled along the foothills of the Rockies 
and out on the southern plains. However, production of crude oil in Turner 
Valley began to decline during World War II, and the search for petroleum 
turned elsewhere, with the discovery of natural gas as an important (though 
secondary) objective. 


With crude oil having to be imported, the possibility of synthesizing 
gasoline from natural gas came under active consideration. Plans for prod- 
uction on a large scale were well advanced by the end of World War II. 
The Leduc crude oil discovery in 1947 caused them to be discarded. Not only 
was the idea of manufacturing liquid fuels abandoned, but the possibility of 
exporting gas was much enhanced. Southern Alberta’s proven gas supplies 
began to rise in response to an oil drilling programme which, by 1955, had 
embraced some three-quarters of the Province’s total land area. Large indi- 
vidual discoveries such as those at Jumping Pound and Pincher Creek were 
supplemented by numerous others scattered across the Province from the 
International Boundary in the vicinity of Medicine Hat northward and west- 
ward to the Peace River District in British Columbia. While many of these 
reserves are still shut in for lack of immediate markets, supplies recovered 
by gas conservation plants in the oil fields have been given priority and since 
sold for local consumption within the Province. 


Other parts of Canada 


Production in western Canada is by no means confined to Alberta. 
Fields in the Lloydminster area of Saskatchewan have, for well over a 


*At that time, there was only one other line of similar length in the world; a 185-mile, 
16-inch line in Louisiana. 
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decade, been supplying nearby towns in that province. More recently, with 
major discoveries being outlined in the Unity, Brock and Coleville areas, 
gas in volume sufficient to supply the cities of Saskatoon and Prince Albert 
has been dedicated for this purpose, and provincially owned transmission 
lines and local distribution grids are now in operation there. Plans are well 
advanced for the inclusion of Regina and other centres which are better 
located to take advantage of the accelerated oil and gas exploration and 
development programmes presently being carried out in the west, central and 
southern parts of Saskatchewan. 


Production in British Columbia is only in its infancy. However, with 
the completion to Vancouver of the large diameter Westcoast project late 
in 1957, output will rise rapidly. So much so that, by 1960, British Columbia 
will head all other provinces with the exception of Alberta. 


The following statistics indicate the relative importance and rates of 
growth of natural gas sales in Canada’s three main gas consuming provinces: 


Quantity’ in Billions of Cubic Feet 


Province 1930 1935 1940 1945 1950 1955 
Alberta 20.7 16.1 D8) 40.4 PES) IQ, 
Saskatchewan — 0.1 0.1 0:2 0.8 Or7 
Ontario 8.0 Su, 1331 a[203 14.1 22.6 


*Sales of locally produced gas imports in the case of Ontario. 


Proven and Probable Reserves 


As one traces the ever mounting growth in gas sales on this continent 
he begins to wonder whether there will be adequate supplies to look after 
these burgeoning demands, decade after decade. No sooner are new trans- 
mission lines built than they are having to be looped (or paralleled) by 
entirely new ones. Customer saturation, though proceeding apace, has not 
yet been achieved even in the more favourably situated areas where natural 
gas has been available for 20 or 30 years. Elsewhere—and this applies to 
some of the more densely populated parts of the United States and Canada 
such as New York State and Southern Ontario—gas is only now being 
offered in quantities even approaching those of the other fuels. For this 
reason regulatory bodies at the state, provincial and federal levels are being 
continually reminded of the need to look after the long-term requirements 
of their own people first and to make only such supplies available for export 
as clearly exceed the source area, region, or the country’s own 20- to 30-year 
requirements. J 


There have always been “experts” in the industry who are inclined to 
take a gloomy view, claiming that it was unrealistic to assume that discover- 
ies could keep pace with demands which were likely to double every five 
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to ten years. So far they have been wrong, but their ranks have been 
growing. Statistical evidence, while by no means conclusive, points towards 
a diminishing margin between proven supplies and effective demand in the 
1960’s and 1970’s. 


Because of their longer history, United States statistics make interesting 
reading. There the ratio between proven reserves and production (years of 
supply) has averaged out at around 25 years. Varying from year to year, it 
rose to 40 years in 1946 and tumbled to 23 years in 1956. The industry has 
witnessed this kind of thing before. The United States had 13 years’ require- 
ments in sight in 1924 and only 12 years’ supply on hand as late as 1929. 
Supply, in other words, responds though belatedly to demand. The successes 
which have been achieved in recent years offshore along the Gulf coast and in 
Texas, Louisiana and New Mexico give further assurance that the demands 
of a number of new pipeline systems can be met before deficiencies on the 
supply side necessitate the synthesis of a similar high B.t.u. content gas from 
other and more abundant fuels. (See chart: Net Production and New 
Additions to Gas Reserves U.S.) 


The following table summarizing this information lends further credence 
to the view that United States sources may be able to look after most if not 
all of the demands which are likely to emerge in that country over the next 
quarter century. 


Quantity in Billions of Cubic Feet 


Year 1920 1930 1940 1950 1955 
Production 19 Se 1,943 92.660 6,200 9,380 
Proved reserves 15,000 46,000 85,000 186,000 224,000 

(Dec. (3.1) 
Years of supply 19 24 32 30 24 


SOURCE: Twentieth Century Petroleum Statistics, Degolyer and MacNaughton (as 
compiled from American Gas Association reports and other authoritative 
sources ). 


In Canada, by contrast, search for natural gas has barely begun. Even 
today fewer than two dozen firms, large and small, are devoting their 
efforts full time to the proving up of additional gas reserves. Furthermore, 
the efforts of the majority of those which are already in business have been 
confined to the last five or six years; only since 1950 has there been any 
prospect of their marketing a substantial proportion of their output in centres 
outside of Alberta. 


The reserve possibilities of the Western Prairie Region appear to be 
considerable. Witness the fact that proven resources in Alberta have moved 
upward from an acknowledged 4.7 trillion cubic feet in 1950 to around 
16 trillion cubic feet at the end of 1955. Since the early 1950’s three trillion 
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cubic feet have been proven up in the nearby Peace River District of British 
Columbia. Another trillion is now available in Saskatchewan. In total, 
Canadian reserves at the end of 1955 were in the vicinity of 21 trillion cubic 


feet.© At the then current rate of consumption, this was equivalent to more 
than 100 years of supply. 


Section III: Prospective Markets for Canadian Gas 


After reviewing the growth of the natural gas industry on this Continent, 
both in terms of its industrial applications and in terms of its established 
markets, one is tempted to let one’s imagination take over, and to visualize 
within a relatively short span of time a continent wide network of long 


distance and feeder pipelines reaching out to serve most of the cities and 
towns in the United States and Canada. 


The part which Canadian sources will play will depend, of course, on 
the success attending the search for liquid fuels in this country. But mar- 
kets—or more correctly, access to markets—may also be a major deter- 
minant of development in the years ahead. At least 50 million people 
already live within economic pipeline distance of the Canadian fields. Many 
of them—and this applies particularly to those in eastern Canada—pay 
prices for fuel well above the North American average. Other possible 
sources will be fully occupied. It is therefore likely that, by 1980, half a 
dozen major gas transmission lines originating in the western Canadian 
plains or foothills country will be reaching down across British Columbia 
into the western United States or threading their way eastward to serve the 
homes and industries of eastern Canada and the United States middle west. 


Having examined the economics of marketing crude oil in the previous 
chapter, we are tempted to draw a parallel with natural gas. Frequently, 
the source areas are the same. The distances and country over which both 
commodities have to move to market are comparable, if not identical. The 
markets themselves, while corporately and institutionally much more mono- 
polistic in the case of gas, involve common considerations as to price and 
quality. Indeed, were it not for the very different arrangements under 
which natural gas is procured and sold, the marketing of these two fuels 
might be considered as analogous one with the other. 


Natural gas is a less transportable commodity than crude oil. Were its 
wellhead price the same, it could not move as far, either east or west, and 
still manage to compete effectively with other fuels. But this is not so. 


°The Canadian Petroleum Association has estimated that, at the end of 1955 Canadian 
proven and probable gas reserves were in the vicinity of 20.8 trillion cubic feet. 
Proven recoverable reserves were put at 16.5 trillion cubic feet. Non-associated gas, 
i.e. independent of oil production, was estimated to be 12 trillion cubic feet; that 
associated with oil at 2.6 trillion cubic feet and dissolved in oil 1.9 trillion cubic feet. 
Hence some three-quarters of Canada’s presently proven recoverable gas reserves can 
be regarded as independent of crude oil production. 
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Except in certain regions, natural gas is still, essentially, a by-product of 
the search for oil. A large part of its associated exploration and develop- 
ment expenditures are, therefore, written off against crude petroleum. In 
circumstances where it is produced jointly with oil it is, to all intents and 
purposes, free at the wellhead. The sale of such desirable constituents of 
wet and sour gas as propane and sulphur also helps. Consequently the 
price of the clean, dry product at the field is much lower than it would 
otherwise be.7 This, indeed, is the main reason why natural gas has been 
able to move a thousand miles and more to market and still win customers 
away from oil in a number of its higher priced and larger volume 
applications. 


Because of its similar remoteness from markets, Canadian gas is under 
much the same penalty as western Canadian oil. Its netback over a greater 
number of transmission line miles is lower than that accruing to producers 
in better situated areas in the United States. This is certainly true of 
prospective movements into the Chicago and Montreal areas. Only in 
selling locally in western provinces, in midwestern states like Minnesota and 
down the west coast do the Canadian fields enjoy a potential advantage in 
this respect. Hence, it is frequently argued that Canadian and export 
outlets within a 1,500-mile radius of the Alberta and British Columbia 
fields are likely to be the most remunerative to the producing end of the 
business. 


One is tempted to go even further; to argue for a government sponsored 
exchange of gas. In these circumstances, Canadian resources would be 
used to supply consumers in western Canada and adjoining areas in the 
United States. Imports in comparable volume might be brought in from 
the United States to service Ontario and southern Quebec. By constituting 
a better international division of labour such an arrangement would, 
theoretically at least, be in the best interests of both producers and con- 
sumers. 


Unfortunately production in the United States is already tending to outrun 
the discovery of additional reserves. Most American experts envisage a 
time when new pipelines will have difficulty obtaining 20 or 25 years of 
supply. Already they are confidently forecasting a steady rise in price and 
a more zealous rationing of industrial and export demands. 


These conditions, together with the problem of obtaining imports from 
the United States as and when eastern Canadian consumers want them, 
have already served to limit the amount of American gas entering southern 
Ontario. Nor are these difficulties likely to diminish. With the largest and 


7A wellhead price for dry, clean, natural gas of 10c per thousand cubic feet (the aver- 
age for Alberta at the present time) is equivalent to a wellhead crude oil price of 
around 60¢ per barrel. Western Canadian oil is selling in the field for approximately 
$2.50 at the present time. Ten-cent natural gas is also equivalent to a bituminous 
coal price of around $3.00 per ton. 
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most demanding of the United States markets lying astride all of the con- 
ceivable routes over which consumers in central Canada could be serviced 
from the mid-continent and Gulf coast fields no one in Ontario and 
Quebec—least of all heavy industry—could confidently plan for a steady 
annual increase in sales based on United States gas. Indeed, the oppor- 
tunity of exporting in the opposite direction from an all-Canadian line 
appears to be increasing. Therefore, apart from an initial buildup period 
terminating in 1959 or 1960 imports into the eastern half of the country 
may be limited to such amounts as can conveniently be exchanged to meet 
peak demands on either side of the International Boundary. 


Meanwhile sizable outlets for Canadian gas are only slowly being estab- 
lished. Natural gas service, being of the nature of a public utility, is almost 
everywhere under government regulation. Export sales are contingent 
upon the approval not only of provincial authorities but also of the Cana- 
dian government and United States Federal Power Commission. Long-term 
contracts, 20 or more years in duration, have to be secured both from 
proven suppliers and established distributors. Local franchises are also 
involved. Thus political considerations can, and often do, arise at various 
levels. Delays and disappointments are inevitable. 


Most promotions—especially those of any size—are consequently up 
against a series of discussions, negotiations, hearings, interventions, and 
reassessments of their position which may well take years to resolve. These 
delays add substantially to the cost of each project. When with all its 
modifications it is finally approved, the terms and conditions to which the 
new line must conform are often such as to reduce its profitability below 
earlier expectations. 


Propositions involving the export of gas to the United States are also 
susceptible to settlements or compromise solutions—terms imposed through 
the medium of the United States Federal Power Commission—which are 
designed, primarily, to look after the best interests of Americans as 
consumers. 


Recent rulings in respect to the Westcoast Transmission project are a 
case in point. The Canadian line, as originally conceived, was to have 
serviced the entire needs of the Pacific Northwest (i.e. British Columbia, 
Washington and Oregon). Its economics were based on (a) obtaining a 
market price competitive with other fuels on the west coast and (b) the 
comparitive nearness of the Canadian gas fields in the Peace River District. 
By refusing its application and favouring a longer all-American line, the 
United States Federal Power Commission allowed no alternative to the 
Canadian producers but to sell their gas as if it were competing in the next 
closest market, i.e. northern California. In attempting to compete over this 
much greater distance the price at the International Boundary had to be 
cut back. Also, in reaching a settlement with their erstwhile opposition, 
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the Pacific Northwest Pipeline Company (who then became part owners 
of the Westcoast project), another condition was attached. It was to the 
effect that the border price was to remain fixed over the full 20-year period 
of the contract; a stipulation unique in North American gas history.® 


Regardless of the manner in which a settlement was reached it now 
appears that this Canadian gas will, in effect, supply the needs of the 
Pacific Northwest. It will be performing the same task as the proponents 
of the original Westcoast scheme intended it to perform. But it will be 
doing so at a price well below that which could have been secured had the 
Canadian fields been recognized from the outset as the logical (and only 
adequate) source of supply for this rapidly growing market. Meanwhile, 
gas from the Four Corners region of New Mexico which temporarily is 
performing this function will soon be released for sale at more remunerative 
prices locally in the Rocky Mountain states, in Colorado and in California. 


The net-back to Canadian fields is being squeezed and squeezed in similar 
fashion in respect to exports to the United States middle west. In anticipation 
of a similar ruling from the United States Federal Power Commission, Canad- 
ian gas (from the Trans-Canada Line at the border south of Winnipeg) has 
been contracted at a price which takes into account the need to build a 
supplementary line northward in the Minnesota area from the United 
States gas fields in Texas. Again, as a result of price setting at the point 
of entry, some part of the capital charges on this alternative American 
supply line must be assumed by producers in this country. 


The situation with regard to exports into the State of Montana illustrates, 
perhaps in exaggerated fashion, the lack of awareness in this country both 
of the broader Canadian interest in these matters and the intricacies of 
parent-subsidiary trade spanning the International Boundary. Though 
natural gas has long been in use, resources on the American side do not 
appear to be adequate to meet all the growth requirements of Montana, 
Idaho and the western Dakotas. It is logical, therefore, that dry gas which 
is available a few miles away in southwestern Alberta should find an outlet 
there. Its price, however, should be directly related to that charged for 
competing fuels. Were this to be the case the net-back in Canada would 
be in line with some of the highest field prices charged anywhere in North 
America. 


This, however, is not the case. The Canadian subsidiary of the Montana 
Power Company has been permitted to charge its parent a price at the 
International Boundary comparable to that prevailing in other fields in 
Alberta. Canadian gas, priced in this way, is being delivered at the 


‘In arguing in support of the Westcoast application, the brief of the Pacific Northwest 
Pipeline Corporation states that “One of the outstanding features of Pacific Gas’ pur- 
chase contract with Westcoast is that the purchase price of gas (22¢/M.c.f.) is firm 
for the full twenty year period of the contract. The contract is devoid of escalation 
provisions. We know of no other situation comparable with this.” 
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Anaconda Smelter in Butte, Montana, at a cost to that company between 
one-half and one-third of that which it would otherwise have had to pay 
for energy in the form of coal or residual oil. Had the forces of supply 
and demand been allowed free play, the return at the producing level would 
therefore have been higher and the profitability of the Canadian operations 
of the Montana Power Company would have approximated much more 
closely that of natural gas operations in similarly situated fields in the 
United States. 


Finally, mention should be made of the prospective movement of Alberta 
gas eastward across the country through Ontario to Quebec. In view of 
the opposition which was likely to be forthcoming from certain interests 
in the United States and because of past difficulties in obtaining the support 
of the United States Federal Power Commission, the possibility of following 
an international route was eventually discounted. Canadian government 
policy, which was also aimed at establishing a prior claim on Canadian gas 
for Canadian consumers, therefore supported an all-Canadian route. Not 
only has this meant building a much larger diameter line over more difficult 
and sparsely settled terrain, but the necessity of paying Canadian sales tax 
and duties has also added to the cost of its construction. Transportation 
charges, in other words, are higher than they would have been had it been 
possible to build this line along an easier route such as that followed by the 
interprovincial oil pipeline south of the Great Lakes to Sarnia. Again, 
with the market price of gas in central Canada fixed by competition with 
the other fuels, this has had the effect of setting a lower ceiling on prices in 
the field. Yet, because the Trans-Canada line promises to provide an earlier 
outlet for proven gas than would otherwise have been available it has much 
to recommend it from the producers’ point of view. 


Concerned with the need to comply with broader policy considerations 
and, at the same time, with the need to build up large volume markets in 
areas where natural gas as a fuel has been comparatively unknown, progress 
to date has been slow. One can also understand, from what has been said, 
why the latest Canadian field prices are still well below those prevailing in 
the major source areas in the United States. How much lower is illustrated 
by the following table. 


Viewed in its longer time perspective the 15-year period from 1945 to 
1960 may be seen to have been a difficult but necessary prelude to much 
greater things. Demand throughout North America will continue to be both 
strong and persistent. Markets once tapped will grow rapidly. Geo- 
graphically, the Canadian fields are well situated to supply the growth 
requirements in a number of adjoining areas in the United States. Arms 
length bargaining between competing corporations will eventually yield a 
much better return at the field. Also, as the United States authorities gain 
confidence in Canada as a source of supply, the price at the boundary is less 
likely to impose a ceiling upon field net-backs in this country. In other 
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Recent Field Contract Prices in Cents/M.c.f.% 


Canadian Source Gas United States Source Gas 
Field Field 
Destination Route price Destination Route price 
Pacific Alta. - Pacific New Mexico® - 
Northwest B.C.” 6 Northwest Washington 14 
Montana _ Alta. - Montana Wyoming - 
Montana 10 Montana 14 
U.S. middle Winnipeg - U.S. middle Oklahoma - 
west Minneapolis* 10 west Minnesota’ 22 
Eastern All - Eastern U.S. Gulf 
Canada Canadian? 10 Canada Coast - 
Toronto* 19 


*These are starting prices and apply only to new contracts. Most supply contracts in- 
clude escalation clauses operative over their 20-year to 30-year life. Rising at one- 
quarter cent a year, a 10¢ initial delivery contract would yield 15¢/M.c.f. at the end of 
20 years. 

>As presently followed by Westcoast Transmission Co. Ltd. 

‘As proposed by Trans-Canada and Midwestern Gas Transmission Co. Ltd. 

“As under construction by Trans-Canada. 

°As built by Pacific Northwest. 

TAs built by Northern Natural Gas Co. Ltd. 

%As completed by Tennessee Gas Transmission Co. and Niagara Gas Transmission Ltd. 


words, in the 1960’s and 1970’s Canadian gas is likely to secure a return 
much more in line with its true competitive worth. Under these much more 
favourable circumstances a distinct and self-reliant natural gas industry is 
likely to achieve major status in this country. 


The Pacific Northwest 


Potentially, the Pacific Northwest is perhaps the best single outlet for 
Canada’s surplus gas. Its energy requirements are continuing to mount at 
a rate well above the North American average. Other fuels are either rela- 
tively high in price or, over the long run, may be in short supply. Wood 
can be used to greater advantage in making paper pulps, building materials 
and other manufactured products. Coal resources are limited. California- 
produced oil, still the region’s principal source of energy, is needed closer to 
home. Hence, it is with Alberta oil and water power produced on the 
Columbia River and its tributaries that natural gas will have to compete in 
Oregon, Washington and the Lower Mainland of B.C. 


The region’s energy consumption pattern has differed significantly from 
that of the rest of North America. For many years oil has provided about 
two-thirds of the total. The remaining one-third has been made up by coal, 
wood and hydro-electricity, more or less in equal proportions. Cord wood 
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and sawdust have been declining rapidly in importance while coal, having 
to be brought in by rail, has also lost many of its larger volume outlets in 
this area. The increased use of water power accounts for the difference. 


In the initial stage, at least, natural gas is not expected to clash directly 
with electric power. Certain domestic demands—including water heating— 
may be intercepted. Also, less power will be used for space heating. But, 
measured in kilowatt-hours relative to total generation, its impact in the 
residential-commercial sector will be small.® Industrially, gas may mean 
more rather than less growth. Various enterprises may be encouraged to 
locate in the Pacific Northwest by the very availability of this new source of 
fuel and raw materials. Among them may be factories producing food 
products, pulp and paper, other wood products, primary metals, bulk 
fertilizers, other chemicals and building materials, particularly cement and 
brick. Indeed, such developments, together with the use interruptibly of 
gas for fueling thermal power plants, may augment rather than slow down 
the over-all demand for electricity in that region. 


Competition from oil, on the other hand, may be much more vigorous. 
Fuel oil prices, in particular, may be reduced when natural gas is first 
offered for sale. Whether this situation will persist, however, depends upon 
(a) the trend in oil prices generally, in the United States (these may 
eventually move upward); and (b) the need for Canadian oil to capture 
a permanent market in California (this would have the opposite effect). On 
balance, quality considerations may have a greater effect than price upon 
the rate at which natural gas gains acceptance in the Pacific Northwest area. 


More coal will be displaced by oil and natural gas. The greatest 
gain, vis a vis solid fuels, may, however, be achieved in competition with 
wood. The use of hogged wood wastes by the pulp and paper mills is 
already being reduced by the emergence of more remunerative uses for 
wood fibre than simply burning it as fuel. A number of larger mills—and 
this even includes a number of the lumber and plywood factories—may also 
become willing customers of the gas companies. 


While most of these generalizations also apply to the lower mainland of 
British Columbia, they may be reinforced on the grounds that electricity 
is less firmly entrenched there. The markets presently served with manu- 
factured gas made from coal will be taken over quickly. A number of 
industries, particularly those engaged in food processing and the manufacture 
of building materials, will begin to buy natural gas in volume as soon as it is 
available. Thereafter, sales for space heating purposes and to other industries 


°250,000 kilowatts has been mentioned as the possible equivalent in generating capa- 
city of natural gas sold competitively with electricity during the first five years of 
service. This amount of power could easily be taken up by other industries, particu- 
larly those engaged in the manufacture of forest products or mineral processing. 
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will tend to move upward more slowly, one more or less in step with the 
other. 


The following table gives some indication of over-all sales which may be 
achieved in the Pacific Northwest in the mid 1960’s: 


(billions of cubic feet a year) 
Year British Columbia Washington-Oregon Total 
1965 60* 300 360 


“Excluding, possible sales for metallurgical purposes at Trail, B.C. and for the genera- 
tion of power in thermal plants. 


Prairie Provinces 


Sales of natural gas in western Canada are already in excess of 100 billion 
cubic feet a year. Having commenced much earlier in Alberta, they are 
still being made preponderantly in that province. Some 97 billion cubic 
feet were marketed there for residential, commercial, and industrial purposes 
in 1955.1° In Saskatchewan, where natural gas service on any scale is a 
matter of only a few years’ duration, annual consumption has recently passed 
the six billion cubic feet a year mark. 


The volume of gas sold for non-field purposes has been growing rapidly. 
In Alberta, consumption, exclusive of exports, has trebled since 1945. 
Expressed in annual percentages this is the equivalent of a 12% rate. 
Even more impressive have been the gains made recently in Saskatchewan. 
Since 1953 when it was first introduced in volume into the city of Saska- 
toon a better than 50% saturation of the urban space heating market has 
been achieved. 


Further requirements are difficult to anticipate. Supply will be no prob- 
lem; this much is certain. The field price of natural gas will, however, 
move upward.!! Rates charged to the customer, because of inflated con- 
struction costs, will tend to do likewise. Whether these forces will be 
sufficient to price natural gas out of some of its larger volume applications 
is, however, uncertain. With inflation the price of competing fuels will 
also rise. B.t.u. for B.t.u. gas may therefore continue to be a desirable 
source of energy. Furthermore, as wages edge upward, the fact that gas 


*Total Alberta production, meanwhile, amounted to some 167 billion cubic féet. This 
can be broken down as follows: sales in Alberta, 97 billion; waste, 38 billion; ex- 
ports to the U.S., 11 billion; storage, 7 billion; processing and otherwise used within 
the industry, 11 billion; and field applications used in connection with oil production, 
4 billion. Sales in 1946 amounted to 30 billion cubic feet. 

"The rate of escalation generally anticipated by the industry is in the order of one- 
quarter cent per M.c.f. per year or about 2.5% p.a. on the field price of raw natural 
gas. 
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can be used in equipment which is low in first cost and at the same time 
lends itself to automation is also in its favour. 


Confirming evidence exists in postwar American experience. Except 
for transportation, natural gas is used to the virtual exclusion of oil and 
coal by most of the gas-producing states. In Texas, for example, demand 
has continued to rise at about 8% a year (i.e. doubling every nine years). 
This has happened despite a steady rise in field prices and a local abun- 
dance of other fossil fuels. Similar trends may be encountered in Alberta 
and Saskatchewan over the next decade. If they are the demand for natural 
gas will more than double by 1965. 


Coal, it appears, will be displaced from most of its present applications. 
It may even have to share the thermal power market with natural gas. 
Peaking plants, and gas turbine installations may also require the use of 
natural gas as a fuel. 


Vis a vis oil, natural gas may show a lesser relative gain. Yet experience 
elsewhere is illuminating. In such liquid fuel producing states as Texas and 
Oklahoma, products derived from crude oil have had difficulty in entering 
fuel markets other than transportation. They are used by the railways, on the 
highways and, to a much lesser extent, in agriculture. Otherwise, natural gas 
and its by-products—the natural gas liquids—have been looking, and will 
probably continue to look, after the majority of such regional energy require- 
ments. 


With these considerations in mind, provisional forecasts have been made, 
to 1965. In all cases these figures correspond roughly with those submit- 
ted to the Commission by the provincial authorities and by industry: 


Sales in Billions of Cubic Feet 


Year Alberta Saskatchewan Manitoba Total 
1955 97 6 — 103 
1965 230" 50> | he 300 


“The Alberta government submission suggests 150 billion in 1960 and 210 billion in 
1970. 

>The Saskatchewan government submission indicated a likely consumption of 33 bil- 
lion cubic feet in 1965. However, no allowance was made for (a) sales to “large” 
industrial users, i.e. pulp mills, or (b) for purposes of generating electric power. 

°‘The Manitoba government submission indicated a possible sale of 11 billion cubic 
feet in the fifth year of gas service, now expected to be 1962. Sales to large industry 
or for power generation could substantially increase this figure. 


United States Mountain Area 


An appreciable quantity of Alberta gas is now being marketed southward 
into the State of Montana. Now in excess of 10 billion cubic feet a year, 
it is expected to reach a total of 20 billion cubic feet annually by 1957 
or 1958. 
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This market, which was first served from the Pakowki Lake area early 
in 1952, is an expanding one. The main reason for this is a diminution in 
local production in Montana and the western Dakotas. Indeed, were it not 
for supplementary supplies from western Canada, certain of the larger 
industrial consumers in Montana!” would already have been forced to con- 
vert, at considerable expense, to the use of lignite coal or residual oil 
brought in by rail from mines and refineries hundreds of miles to the east. 

The total market for natural gas (as served by the Montana Power Co.) 
was in the order of 31 billion cubic feet in 1955. Canadian exports in that 
year supplied one-third of the total—an amount about equal to the total 
volume purchased from all sources by the mining, metallurgical, chemical 
and cement companies in the United States Rocky Mountain and adjoining 
plains areas. 


From now on, the use of Canadian gas is likely to be more general. 
Besides being sold to heavy industry at prices far below that of the other 
fuels available in this region,!? it will also be made available for residential, 
commercial, and small industrial purposes. Load projections for the year 
1960, for example, see gas from Canadian sources supplying well over 
half of all the gas delivered in this region. American production, meanwhile, 
will continue to run at a level well below the 28 billion cubic feet reported 
in 1950. 


Sales in Billions of Cubic Feet per Year 


Source 1950 1955 1960 1965 
Canada — 13 20 30 
United States 28 20 20 20 

Total 28 33 40 50 


The United States Middle West 


In the opinion of many oil and gas industry executives, the most logical 
eastward outlet for Canadian gas is the United States middle west. At least, 
they believe it to be a logical first stage market—one which could well 


“i.e. the Anaconda Copper smelter at Butte, American Smelting and Refining at 
Helena and several cement and chemical plants elsewhere in Montana. 

“During the import hearings before the U.S. Federal Power Commission late in 
1954, Mr. R. B. Caples, President of the Anaconda Aluminum Co. and engineering 
consultant for the Anaconda Copper Co., stated that the comparative costs of Cana- 
dian gas, oil and coal at Butte were, delivered, 20.5¢ M.c.f. for gas, 50¢ for heavy 
oil and 46.5¢ for coal in M.c.f. equivalent. Based on average fuel consumption over 
the previous 3 years, he stated, coal would have cost Anaconda $3 million more and 
oil $3.2 million more than gas from Canada. 

Authorization for an import of 20 billion cubic feet annually of Canadian gas was 
extended to May 1974 by the U.S. Federal Power Commission in its ruling of May, 
1955. The Canadian federal authorization, issued by the Department of Trade and 
Commerce extends for five years only. Then it will be up for renewal. 
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have been served prior to the construction of a line extending on to South- 
ern Ontario and Quebec. Being cheaper to construct (and because most 
of the distribution outlets already exist), it would (with governmental 
approval in Canada and the United States) have been much more amen- 
able to private financing. 


In volume terms, the potential for growth is considerable. Already, sales 
in the general area embraced by the Dakotas and the states of Minnesota, 
Wisconsin and Iowa are in excess of 300 billion cubic feet annually. If the 
postwar record of the principal supplier, the Northern Natural Gas Co., 
can be taken as any guide, they are expanding at 13% a year rate. Per- 
forming a supplementary function at the outset, Canadian exports over the 
years may supply as much as half of these incremental demands. Exclusive 
of any allowance for supplementary sales in Michigan and Illinois, it is 
possible that sales of Canadian gas in this area of the United States might 
approach 150 billion cubic feet annually by 1965. 


Price considerations, on the other hand, are less enticing. The net-back 
from the border price at Emerson, Manitoba, is well below that which could 
be recovered from sales to industry in Northern Ontario and Quebec.'* 
It is probably less than that which could be obtained by exporting Canadian 
gas westward from southern Alberta directly into the United States Pacific 
Northwest. 


Nor is this situation likely to change rapidly for the better. Many com- 
munities in the United States middle west have, for years, been receiving 
gas from United States sources. Much of this pipeline capacity (some of 
it built during the early 1930’s) is already written off, and consequently, 
pays lower carrying charges than those which would have to be met by an 
entirely new line. Historically, the field price of this United States gas has 
also been low. Contracted at levels considerably less than those currently 
being asked, they have resulted in a city gates price structure which can 
only be revised upward with difficulty. Distributors and industries already 
served with natural gas, naturally enough, will resist this upward pressure 
on prices. Though theirs would be little more than a delaying action, they 
can, through the medium of the state and Federal Power Commission’s 
hearings, render the middle west market less attractive to Canadian pro- 
ducers than it might otherwise be. 


Western Canadian gas is, of course, being offered in competition with 
the latest reserve dedications in the mid-continent area of Kansas, Oklahoma 
and Texas. The majority of these are in the 15¢ to 25¢/M.c.f. bracket; 
that is, substantially above the 3¢ to 4¢ level which was common in the 


“The starting large volume price to Trans-Canada at 95% load factor is 24.9¢/M.c.f. 
Over 25 years and allowing for price escalation it averages 27.5¢/M.c.f. Many large 
continuously operated industries in Ontario and Quebec pay more than 45¢/M.c.f. 
(equivalent) for their fuel. 
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major United States fields in the 1930’s. For this reason, the Canadian 
producers can expect a higher return than would have been the case a 
decade or so ago. On the other hand, their gas must move farther to market. 
It must bear the full impact of present day financing and inflated con- 
struction costs. Also, being of a supplementary character, a higher propor- 
tion may have to be dedicated to the lower priced industrial outlets (i.e. 
power generation, iron ore beneficiation, steel production etc.). All these 
are reasons why sales of Canadian gas in the vicinity of Minneapolis-St. 
Paul may not be as attractive as geographical and other conditions might 
otherwise lead one to believe. 


The following sales estimates are based upon the historical record per- 
taining to the United States middle west and to the optimistic projections 
of demand which have been made by the various utilities serving or propos- 
ing to serve this north central area of the United States: 


Sales in Billions of Cubic Feet per Year 


Source 1950 1955 1960 1965 
Canada — — 70 140 
United States 180 300 430 680 

Total 180 300 500 820 


Central Canada 


By far the largest Canadian market for natural gas is that in Southern 
Ontario and Quebec. This central region now accounts for nearly 60% of 
the nation’s total energy requirements. Excluding the transportation sector, 
it is currently the equivalent of some 1,500 billion cubic feet of natural gas 
annually. 


Because the St. Lawrence Lowlands and their environs lack indigenous 
fuel resources and because both coal and oil must be imported over con- 
siderable distances, their laid down cost of energy tends to be relatively 
high. This, together with the increasing concentration of the secondary 
and service industries in this part of the country is the main reason why 
this central region is bound, in time, to provide an attractive outlet for 
western Canadian production. 


Several obstacles have to be overcome. Manufactured gas has never 
been sold in anything like comparable volume. Suitable distributing facili- 
ties have, therefore, to be created de nouveau and customers, particularly 
in the residential and commercial categories, educated to the advantages of 
using a fuel, the properties of which (outside the southwestern tip of 
Ontario) are practically unknown. An immediate market in what is gen- 
erally regarded as being the premium use category is, therefore, lacking. 
Special measures are obviously called for if Ontario and Quebec are to 
warrant the attention which their economic potential so patently deserves. 


NATURAL GAS 


One necessity is a departure from tradition—namely the market building 
sequence so commonly followed in the United States. The pipeline pro- 
moters there are accustomed to pushing lines into areas where the direct 
conversion from manufactured gas assured them of a quick return on 
investment. They have, at the same time, been carrying natural gas into 
comparatively low-cost energy regions where only space heating and a 
few other high grade applications really warranted the introduction of this 
new fuel. Sales to industry, meanwhile, have been tolerated as a necessary 
evil. By helping to iron out seasonal fluctuations in demand, they help to 
meet carrying charges and, hence, to minimize transportation costs. Gas 
sold customarily for load balancing purposes has frequently had to be dis- 
posed of on a near-to-dump basis. 


In much of central Canada, industry is accustomed to paying much 
higher prices for its fuel; many of the larger Canadian users, such as the 
pulp and paper mills and metallurgical plants, are prepared to take natural 
gas at a price approaching, if not as high as prices currently being quoted 
to the large distributing utilities in cities like Toronto and Hamilton. These 
large volume markets, furthermore, are immediately available. They can be 
connected at a comparatively high load factor, thus assuring more effective 
utilization of main line capacity. If necessary, they can also be contracted 
over long periods of time. Such considerations, while they were not fully 
appreciated when the first efforts were made to finance the Trans-Canada 
gas pipeline, can and undoubtedly will, provide a substantial source of 
revenue in the future. 


The following market estimates, while they have been made independ- 
ently, assume that the Trans-Canada pipeline project, as presently envisaged, 
will be operating at or close to capacity by 1965. Also, that appreciable 
quantities of United States gas will continue to enter Southern Ontario 
both at Windsor and Niagara: 


Sales in Billions of Cubic Feet per Year 


Year Ontario Quebec Total 

1955 20 — 20 

1965 160 40 200 
1980 


Looking ahead even further, to 1980, presents problems of its own. 
Increased volumes of Canadian gas will, undoubtedly, be sold both in this 
country and in the United States. Throughout western Canada, demand 
may continue to rise at a rate appreciably above that recorded, historically, 


ie. some part of the presently contracted 22 billion cubic feet/year presently sche- 
duled to arrive over Trans-Canada’s connection at Niagara and 21 billion cubic 
feet/year over the Union Gas Co. connection at Windsor. 
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in the United States. In Ontario and Quebec, on the other hand, sales will 
depend much more upon policy decisions. Transportation costs can be 
minimized through the use of larger diameter pipe, load balancing with the 
aid of interruptible sales to heavy industry and by delivering off peak gas 
into underground storage facilities in Southern Ontario.1® Canadian outlets 
in British Columbia, the eastern Prairie, and central Canada must also be 
viewed in their true geographical perspective. Each can benefit by a sub- 
stantial volume of exports through and beyond their own sales territories. 
Thus, a pipeline destined to serve northern California would help to stabilize 
prices in British Columbia. The same would be true vis a vis Winnipeg 
with respect to one or more projects built to serve such eastern centres as 
Chicago and Detroit. Southern Ontario, in particular, would also benefit 
from a spill-over export arrangement whereby Canadian gas was marketed 
at the end of a series of long lines, whose throughput was intended for 
consumption in New York and the New England states. All these are 
possibilities, the majority of which may be realized well before 1980. 


For purposes of estimating the potential Canadian demand 25 years 
hence, the regional requirements for 1965 were projected a further 15 
years at varying rates. Those chosen for British Columbia, Alberta, Sas- 
katchewan and Manitoba were 10%; 8%; 10%; and 11% respectively. 
Due to its comparatively small contribution, even in 1965, gas markets in 
Ontario and Quebec were also taken to increase at an 8% rate (i.e. doubling 
every nine years) during the remainder of the 25-year period under review. 


When combined, these results suggest that the demand for natural gas in 
Canada by 1980 may have reached two trillion cubic feet per year. 


A check on the validity of such an annual figure can be obtained by 
expressing the consumption rate in per capita terms and comparing it with 
the per capita consumption rate in the United States. The present level of 
consumption in Canada is of the order of 10,000 cu. ft. per person—a 
figure reached in the United States about 30 years ago. Meanwhile, in 
that country, this figure had increased to 20,000 cu. ft. per capita by 1940; 
33,000 cu. ft. per capita by 1948 and a phenomenal increase to 50,000 cu. 
ft. per person by 1955. On the basis of our expectations for Canadian 
consumption by 1980—two trillion cu. ft—per capita consumption in this 
country will then be approximately 75,000 cu. ft., a figure that should 
then be more in line with United States per capita consumption, which is 
expected to double over the quarter century to 100,000 cu. ft. 


"The relative carrying capacities of a 24-inch, 30-inch, and 36-inch diameter line are 
in the order of one to one and one half to two and one quarter. Their capital cost, 
on the other hand, varies in the ratios of 100: 120: 135. 

The capacity of the presently proven and probable gas storage fields in Southern 
Ontario is in the vicinity of 100 billion cubic feet or about one-half of the ultimate 
annual throughput of a 30-inch line. 

By following an international routing the cost of transporting natural gas to Eastern 
Canada could be reduced by at least 10% or around 4¢/M.c.f. 
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In what follows, an attempt has been made to quantify Canada’s export 
possibilities. These, it appears, are considerable. Potential markets in 
adjoining areas of the United States will doubtless exceed Canada’s ability 
to serve them. Assuming, however, that supplies were readily forthcoming, 
sales of as much as 3,000 billion or even 4,000 billion (three trillion or even 
four trillion) cu. ft. might be made annually to the United States in 1980. 
On the other hand, considerations as to availability, the price which can be 
obtained for gas outside Canada, and the policies followed by both the pro- 
vincial and federal governments with a view to safeguarding further domestic 
requirements, will also have an important influence on the amount of Canad- 
ian gas actually allocated for this purpose. 


In this study, it has been assumed, quite arbitrarily, that exports will 
amount to 1,000 billion (one trillion) cubic feet of gas annually in 1980. 
The amount of gas sold in the United States, in other words, might be 
about half of that employed in this country. Thus it envisages four or five 
projects equivalent in capacity to the Westcoast Transmission line actively 
supplying natural gas to the United States 25 years from now. 


Section IV: Supply-Demand Trends, 1955-80 


For purposes of quantifying the impact of natural gas on the Canadian 
economy, it has been necessary to make a number of assumptions—assump- 
tions which appear reasonable in the light of past experience, and yet 
assumptions which could, and indeed may, be invalidated with the passage 
of time. 


One reason for this apparent humility is the relative newness of large- 
scale natural gas production and marketing in this country. Another relates 
to government policy. Should one or more of the provinces in which the 
gas occurs, or the government in Ottawa, or both, see fit to set aside a 
large proven reserve against future domestic requirements, the incentive 
to look for additional supplies will be reduced. At the same time, the 
search for oil in particular will continue to be rewarding. Also, the results 
of future exploration and development may be such as to disallow any 
lasting concern as to the adequacy of Canadian resources. Should the latter 
happen—and many geologists think it will—then this country may well 
be exporting as much gas to the United States as it consumes 20 to 30 years 
from now. 


In launching such an exercise—it is no more than that—method is im- 
portant. Various projections must be made. Based on a variety of data— 
some of which pertain to other countries, particularly the United States— 
they differ very much as to quality. Starting from a few which are 
anchored more reliably to recent Canadian experience and proceeding 
sequentially to those which are at once more descriptive (one might even 
say more imaginative) in character, we have attempted to trace the orders of 
magnitude which may be encountered in the production, consumption and 
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export of Canadian natural gas over the next quarter century. (See chart: 
Natural Gas Consumption in Canada—1926-1980.) 


The logical starting point is a considered projection of Canadian reserves. 
Canadian requirements, both in the vicinity of the gas fields and elsewhere 
across the country, must then be assessed, these requirements having the 
first priority in use. Finally, an attempt can be made to determine the 
quantity of surplus gas available for export to adjoining areas of the United 
States. (See chart: Inter-Regional Movements of Natural Gas 1960 and 
Potential Markets For Canadian Gas 1980.) 


The results of such an exercise are, necessarily, subject to revision. They 
give no more than a first approximation in that the reverse procedure— 
namely, of proceeding from an assessment of potential export demand back 
to a responding proving up of reserves—might have comparable, if not equal, 
validity. 

Our analytical procedure therefore tends to be circuitous in character. 
Necessarily so, for the nation’s proven reserves of natural gas will certainly 
be affected, if not directly determined, by the industry’s near term expecta- 
tions as to the marketability of its product. An easy-going policy with regard 
to gas exports, combined with a steadily mounting gas deficiency in the United 
States would, doubtless, turn up more proven reserves in any given ten-year 
period, than would a more conservative policy designed to protect the 
longer-term needs of Canadian users. Thus, as in our analysis of the 
energy market in general, we have been faced with the need of proceeding 
from supply to demand and back again several times before arriving at a 
general conclusion as to the possible course of events between now and 
1980. 


In doing this the detailed procedure has been somewhat as follows: 


(1)The natural gas reserve figures have been derived essentially from our 
expectations as to oil discoveries. Four thousand cubic feet a barrel 
was assumed to apply in instances where there was little or no incen- 
tive to look for gas. Six thousand cubic feet a barrel on the other 
hand was assumed to be the maximum, regardless of the dictates of 
the market.17 Thus the search for oil, resulting in a 25 million barrel 
petroleum reserve would turn up at least 100 billion cubic feet of 
natural gas. With an adequate market incentive this amount might 
be increased by about 50% or to around 150 billion cubic feet. 


“The well known United States geologist, Mr. Wallace E. Pratt, in reporting to the 
U.S. Joint Congressional Committee on Atomic Energy early in 1956, reported that 
the intimate association of oil and natural gas in their natural occurrence has resulted 
in the United States in the past discovery—largely incidental to the search for oil— 
of about 4,000 to 5,000 cu. ft. of natural gas for every barrel of oil discovered. He 
also said that, in recent years, this ratio had risen to some 6,000 to 7,000 cu. ft. and 
inferred that a further improvement in this ratio might, indeed, take place. (Six 
thousand cu. ft. of natural gas is roughly equivalent in energy content to one barrel 
of oil.) 
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(2)The next step was to assess future Canadian requirements. As de- 
scribed at the end of the previous section, these may rise approxi- 
mately tenfold to around two trillion cubic feet in 1980. At the end 
of any given year reserves arbitrarily set aside to back up these 
mounting requirements were sufficient to meet a 4% per annum rate 
of growth in demand over a further 25-year period. 


(3) Existing and immediately foreseeable export commitments were then 
appraised. Assumed to continue at full pipeline capacity over 25 
years, they were given, what amounted to a second priority claim 
on established Canadian resources. Cumulative production for sale 
in Canada or exported under this heading might amount to some 30 
trillion cubic feet by 1980. 


(4) There followed a determination, by difference, of the amount of oil 
search associated gas left unallocated either to Canadian consumers 
or to presently envisaged export projects. This quantity, as it turned 
out, was sufficient to support more than one major pipeline promotion. 
From then on our efforts were bent on finding an answer to the 
question, “How many more can be justified”? 


(5)It was necessary, having reached this point, to turn to the foreign 
demand side. Starting from historical data, market forecasts were 
prepared state by state for the major United States gas consuming 
regions within a 2,000 mile radius of southern Alberta. 


Again, it was necessary to make concise judgments. In doing this it was 
assumed that Canadian natural gas would be in demand to the extent of 
some two-thirds of the growth requirements of United States Pacific North- 
west after 1958 (i.e. Washington, Oregon, and Idaho); all of the supple- 
mentary requirements of the State of Montana after 1955; one-third of the 
incremental demands of the midwestern States (i.e. the Dakotas, Minnesota, 
Wisconsin, Iowa and Michigan) after 1960; one-quarter of the growth 
requirements of the northeastern States (i.e. Ohio, northern New York and 
New England) after 1965; and one-quarter of the growth requirements of 
California after 1965. 


When added up these turned out to be a substantial volume—some 3.5 
trillion cubic feet a year by 1980. Backed up by a 25-year reserve they, 
together with prospective Canadian needs, point to an order of magnitude 
far larger than the amount of gas likely to be forthcoming merely as a 
by-product of the search for oil. Such an incentive, were it backed up by 
an easy going export policy on the part of Canada would result in a near 
to maximum gas-to-oil ratio. Instead of being of the order of 4,000 cubic 
feet for every barrel of oil found it might rise to, or even exceed, the 6,000 to 
one ratio mentioned previously. 
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These calculations lead to several interesting conclusions. They show: 


(a)that without any incentive to look for natural gas as such sufficient 
supplies to meet Canada’s foreseeable (25-year) requirements will 
be forthcoming; 


(b)that the amount of gas produced along with oil (about 500 cubic 
feet per barrel) will, after 1970, be less than that required to service 
the domestic market; 


(c)that a volume of gas in excess of one trillion cubic feet annually can- 
not be committed on long-term markets in the United States without 
endangering the Canadian supply position after 1980; and that 


(d)the actual gas reserve position in any year will both influence and, 
at the same time, result from policy decisions taken as to the export- 
ation of Canadian gas. 


Timing is of course important. However, it would appear that four or 
five projects similar to the present Westcoast promotion might be approved 
over the next 25 years without necessarily reducing the amount or unduly 
raising the price of Canadian gas available for home consumption. Exports 
amounting to around one trillion cubic feet annually have therefore been 
assumed as selling in the United States Pacific Northwest and California, 
middlewest, north and eastern states a quarter century from now. 


The following table presents in summary fashion certain of the assump- 
tions and results of these exploratory calculations. 


(trillion cu. ft.) 


Virgin Annual Cumulative Remaining Life index 
Year marketable marketed marketed reserves in 
reserves production production years 
Ja B 
1955 20 aly okey 19°53 1G bg 14 
1965 48 Ro) 5:0) 43.0 60 an 
1980 1 OU2 150 Tae 3: 00 dec 30 70-120 23-40 11-19 


“Simply remaining year end reserves divided by the then annual rate of production. 
>Allowing for a continuing Canadian market growth of 10% per annum to 1980 
and 4% thereafter. Canadian requirements, unlike exports, are assumed to require 
a larger reserve to allow for continued (minimum) growth. 


Section V: Financing of Development 


Until recently the amount of money being invested in the search for 
natural gas, in its processing, and in pipelines and local distribution sys- 
tems was comparatively modest. Annual outlays, including exploration 
development as well as the purchase of machinery and equipment, rarely 
exceeded $10 million. Since 1952, and reflecting a growing interest in the 
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possibility of exporting western Canadian gas, the industry’s financial com- 
mitments have risen sharply. Capital outlays, swollen by the laying of the 
Westcoast and initial stages of the Trans-Canada main lines, resulted in 
better than a $150 million expenditure in 1956. Though the oil companies 
are collectively still spending between three and four times as much, natural 
gas is rapidly gaining recognition as a separate Canadian industry with major 
projects, problems and a corporate character of its own. 


In the late 1960’s and 1970’s several hundreds of millions of dollars will 
have to be found year in and year out for purposes of expansion. This is a 
large amount of money. Its magnitude raises the question as to whether the 
majority of the funds necessary for the execution of this programme will 
(or indeed can) be raised in Canada. There will be no lack of interest 
elsewhere. Large corporations with considerable experience in all phases 
of the natural gas industry will be vying with each other for control of 
Canadian reserves and pipeline franchises. Whether Canadians will gain 
the experience necessary for them to be able to play a dominant role in 
financing these developments is more a matter of conjecture. 


The oil industry, as now, will continue to turn up much of the gas. 
Some two-thirds of Canada’s reserves will probably be found as a by- 
product of the search for oil. Much of our future supply, in other words, 
will be proven up without capital ever having to be raised specifically for 
this purpose. 


Whether or not the oil companies will wish to retain title to their dry 
gas resources is something else again. Often in attempting to avoid the 
government and other restrictions normally placed upon utility type indus- 
tries, they have followed the practice of selling off their gas reserves. These, 
together with single well dry gas discoveries, have often been taken up by 
the major gas transmission line companies or, when nearby markets are 
available, by the local distributor. Some gas, being intimately associated, 
will have to be produced along with the crude petroleum. This the oil com- 
panies will use for their own field purposes or sell, as it is produced, to the 
pipeline franchise holder enjoying the exclusive right to move natural gas out 
of the producing area in question. 


While the oil industry will find most of the gas, the continent’s major 
gas transporting companies, often through corporately related concerns, will 
also spend a good deal of money on exploration and development. One of 
the reasons for their expected prominence is geographical. Canada’s greatest 
gas potential lies in the foothills region of the Rocky Mountains. Here, 
because of the great depths of sediments involved, exploratory drilling is 
expensive. Yet the results for those who can plan on an appropriate scale will 
be rewarding. Established market connections or a long record of pipeline 
experience helps in raising the necessary funds. Lacking these capabilities 
it is doubtful whether many small or independent Canadian companies can 
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participate in this play. Thus, it is the larger gas transporting and distri- 
buting companies that Canadians may have to turn for the funds (or for the 
contracts pre-requisite to the raising of funds) needed to develop gas reserves 
independently of the search for oil. 


Rarely is pipeline financing difficult—at least, when the resources are 
formally dedicated, the markets contracted and the route officially approved 
as both economic and necessary. Having contracted its gas supplies and 
secured sufficient markets to operate its facilities at 70% or more of 
capacity, the promotional interests have one more major hurdle to sur- 
mount; that of obtaining the approval of the appropriate governmental 
authorities. In respect to interprovincial movements those of the provinces 
and the federal government are involved. In the case of an export project, 
these intentions must also be examined by and found acceptable to the 
United States Federal Power Commission. Having passed this scrutiny, the 
raising of money is easy. Larger bank loans are available when the necessary 
approvals have been granted. Half or more of the capital can be raised by 
sale of comparatively low interest bearing bonds.1* The remainder, beyond 
that put up initially by the promoters, can be covered through the issuance 
of common and preferred stock. 


In recent years there has been a pronounced shift in the percentage 
distribution of the various types of securities held by the natural gas trans- 
porting companies. In the United States as late as 1939, long-term debt 
(bonds) accounted for around 40%, preferred stock for around 10% and 
common stock for about 50% of all the securities issued by the mainline 
transmission companies. In the intervening years the gas business has 
become much more respectable. Gas has gained recognition as a valuable 
commodity. The binding nature of the long-term supply and market con- 
tracts has also been confirmed. Hence the insurance companies and banks 
are much more willing to lend money to projects of this kind. (See chart: 
Gas Company New Security Issues U.S.) 


As a result, some of the latest projects are being floated with common 
stock contributions as low as 10%. Few offer common ownership stock 
in excess of 20% of the capital cost of their project.19 In parlance more 
familiar to financial circles, its leverage is high; higher even than is the 
case with the older and better known electric power utilities. Since rates 
(and therefore earnings) are determined on the basis of capital invested 
and the allowed return as measured in this way may be in the order of 


Trans-Canada Pipe Lines Ltd., 57% (excluding the publicly built section of the line 
which the company has a right to purchase out of retained earnings); Westcoast, 54%; 
and Pacific Northwest 57% mortgage bonds. 

Composite data for all U.S. transporting companies (old and new) as reported in the 
American Gas Association publication, Gas Facts, show long term debt to be 70% 
of total plant less depreciation, and preferred stock to be about 8%. Trans-Canada 
Pipe Lines common stock to total investment ratio is about 19%; Westcoast, 12%. 
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7%, the return on pipeline equity capital after a few years may be several 
times this percentage. No wonder that government franchises in the gas line 


business are so eagerly sought or that the legal battles involved in their 
granting are so bitterly contested. 


GAS COMPANY 


NEW SECURITY ISSUES U.S. BOLE ARS 


STRAIGHT GAS OPERATING COMPANIES 


ies COMMON STOCK 
PREFERRED STOCK 
DEBT ISSUES 
1935-44 1945-55 


So PS se Neer 


1935 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 


To the extent that Canadian gas is exported to the United States it is 
likely that the pipelines involved will be owned and controlled by United 
States corporations. Westcoast Transmission Company is preponderantly 
owned in the United States. The Trans-Canada Company, directly and 
indirectly, may be also. One of the reasons for this is the securing of sales 
contracts. Deals must be made with the major United States franchise 
holders. If they have not conceived and organized the project from the 
outset they may still demand a measure of control as their price for co- 
operating in the venture. Hence it is only in respect to shorter lines destined 
primarily to serve Canadian consumers that a goodly measure of Canadian 
participation may be envisaged. 


Substantial amounts of money will also have to be invested in the re- 
furbishing and expansion of local distributing facilities in this country. Long- 
established manufactured gas systems are being taken over along with 
the municipal franchises. Much of this plant may be useless. Sometimes the 
lines themselves are incapable of handling a drier product at higher pressure. 
Their carrying capacity certainly will have to be augmented if not replaced. 
Hence the distributors may have to invest as much, dollar for dollar, as the 
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mainline supply companies. That the necessary funds may be forth-coming 
can be judged from American experience. Few distributors faced with a 
major conversion programme or starting afresh have lost money for more 
than a few years. The majority, and particularly those which have priced 
their gas with the intention of developing a large-volume business have 
earned handsome profits in a comparatively short time. 


Corporately, the Canadian pattern is already being set in this direction 
as well. Ownership of some of the older utilities in Canada’s largest cities 
has recently changed hands. Elsewhere exclusive franchise rights are being 
sought eagerly—usually by American-backed companies with considerable 
experience in the distribution end of the business. United States consulting 
firms have been engaged both to make market appraisals and to carry out the 
conversion of systems from manufactured to natural gas. As a result of these 
activities it would appear that the marketing phase of the natural gas 
industry will remain substantially in Canadian hands in Southern Ontario, in 
Saskatchewan and on the west coast of British Columbia. In Alberta, 
Manitoba, Northern Ontario and Quebec, United States interests will have 
a major hand in, if not enjoy a majority control over, these activities. Be- 
cause of the adequacy of supply, competitive price offerings and the financial 
rewards already being reaped elsewhere, these corporations should encounter 
little difficulty in raising the capital necessary to complete the expanding 
distribution programmes which they have in mind. 


Supplementary Note: 


The natural gas industry is not characterized by the same degree of 
integration as is the case of oil. While the main line transmission com- 
panies frequently own substantial gas reserves and operate their own gas 
cleaning plants, they usually concentrate their attention upon maximizing 
their returns from long distance transportation. Subject to a much greater 
degree of government regulation and at the same time protected by their 
long-term supply and user contracts, their operations, as well as their 
methods of raising money, tend to resemble those of the electric power and 
other public service utilities. 


No mention has been made here of the economic implications of the 
United States transportation utilities buying into the major Canadian gas 
line promotions. In all cases to date the purchaser at the border owns 
common stock in the Canadian line. In the case of Canadian-Montana, the 
American company owns 100%. Pacific Northwest owns 25% of West- 
coast’s common stock. Tennessee Transmission owns stock and had a major 
say in the pricing of Trans-Canada gas south of Winnipeg to its subsidiary, 
Mid-Western. These customer companies, because of their corporate ties, 
have exerted (and may well continue to exert) considerable influence upon 
the pricing and other policies followed by their subsidiary and other supplier 
companies in Canada. 
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Section VI: Effect on Other Fuel Supplying Industries 


Natural gas, as it begins to be sold in volume across Canada, will affect 
the other fuel supplying industries in various ways. Competitive conditions 
similar to those which have been experienced in the United States since the 
late 1930’s will be encountered. A review of recent happenings in the 
United States can therefore provide some insight into the effects which the 
growth of this new industry will have on the petroleum, coal and manu- 
factured gas industries in Canada between now and 1980. 


Petroleum 


The petroleum and natural gas industries—still often regarded as one 
and the same thing—are now tending to tread separate paths. Expanding 
markets and increased field prices have encouraged the search for natural 
gas as such. Also the oil companies, in attempting to avoid the degree of 
government regulation common in the utility field, have generally followed 
a policy of auctioning off their gas discoveries to companies engaged 
exclusively in its transportation and distribution. Corporate entities there- 
fore have emerged which tend to resemble much more those engaged in the 
generation, transmission and sale of electric power. 


To the extent that by-product gas can be sold in volume and at attractive 
prices, the oil companies are able to secure additional revenue. Without 
a ready market for natural gas they would otherwise have to resort to the 
expensive process of recycling or pumping their by-product gas back into the 
oil productive formations once again. Another reason for the oil industry’s 
comparative neutrality is that the sale of natural gas frequently supplements 
rather than takes outlets away from the more highly processed oil refinery 
products. Transportation, regardless of type, is the greatest single user of 
liquid fuels. Natural gas cannot readily be used to power motor vehicles, 
aircraft, ships and railway locomotives. Hence it does not compete directly 
with gasoline; infrequently with diesel oil. As far as the heavier fuel oils 
are concerned, displacement, while it occurs, is frequently on a seasonal or 
short-term basis. 


Natural gas has made its greatest inroads on the lighter grades of fuel 
oil. These are the middle distillates which are used primarily for space heat- 
ing. In Canadian circumstances, climatic conditions must also be taken into 
account. Because of the exceptional midwinter peaks in demand, the oil 
refineries find it necessary to import a sizable proportion of the nation’s 
requirements. This they find more economic than erecting additional 
storage capacity. With the arrival of natural gas this need to rely on 
external sources of crude oil products supply will be reduced. 


There will, of course, be instances in which heavy industry in contracting 
for natural gas on an interruptible basis will take less residual oil. Competi- 
tion of this kind is not likely to be serious however. The petroleum refineries 
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can always obtain alternative outlets by reducing prices. Later as new 
refinery capacity is erected they will probably convert more of these lower 
priced oil fractions into higher priced and more salable petroleum products. 


Coal 


The arrival of natural gas will be felt most by the coal industry. Not only 
will natural gas be preferred for space heating purposes but it will also 
reduce the demand for other industrial fuel in the summer-time. 


There are exceptions of course. Large steam plants, particularly those 
at a distance from the gas fields, will continue to use coal for the generation 
of electricity. In this they will be motivated by the lower cost per B.t.u. 
of the coal laid down in their yards. Thermal generating stations such as 
those which are being built in Southern Ontario, since they can be supplied 
much more cheaply from nearby coalfields in the United States, will there- 
fore have little incentive to use natural gas which has been transported all 
the way from western Canada. 


While the impact from the coal industry will tend to be selective and 
vary according to location, the net effect will be to reduce, or at least 
minimize, imports. Many industries in Ontario and Quebec which have 
previously had to choose between residual oil and United States coal have 
continued to use the latter. Natural gas, to the extent that it continues to 
be sold at lower than average prices and essentially for line load balancing 
purposes, will however cut into coal’s larger volume markets. 


Manufactured Gas 


The volume of natural gas now sold in North America is about ten times 
that marketed in the manufactured or artificial gas form. The disparity be- 
tween the two, furthermore, is increasing year by year. 


This is due partly to the difference in application. Whereas fully two- 
thirds of all the manufactured gas is consumed by household users, the 
largest amounts of natural gas are sold for industrial purposes. Manu- 
factured gas prices are less controllable in that they are dependent to a 
large extent upon those of coal and oil. Again, the natural product has 
roughly twice the energy content per cubic foot of that of manufactured 
gas. Substitution, one for the other, virtually doubles the energy carrying 
capacity of existing facilities. A switch all the way to natural gas therefore 
does two things: (a) it eliminates the need for building new manufacturing 
plant and (b) it allows existing systems to substantially increase their 
volume of sales without having to make a commensurate investment in pipe 
and other distributing facilities. 


Of even greater importance is the fact that natural gas can be sold 
profitably at prices well below that of the artificial product. Within a few 
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years of its introduction it is usually offered at between one-third and one- 
half of the price of the coal or oil based fuel. This, together with much 
greater predictability of costs, is among the reasons why many industrial 
and commercial users which have shown little interest in using the manu- 
factured product are signing contracts for natural gas extending 10 and 
sometimes 20 years into the future. 


Section VII: Natural Gas Liquids*° 


Summarily described, the natural gas liquids might be termed by-products 
of a by-product. Wet constituents of natural gas as it comes from the gas 
in the ground, they must necessarily be drawn off in the ensuing clean-up 
procedure. Once flared at the field or sold simply for their natural gasoline 
content, they have recently begun to come into their own. Sales have tripled 
in North America over the past decade. With demand expanding even 
more rapidly than that of natural gas,?! the transportation and marketing 
phases of this allied industry appear to be in for a remarkable era of growth. 


Improved conservation practice has been one of the causes. The law of 
most gas-producing states and of western Canadian provinces now requires 
that these fuels either be put to effective use or be returned to the under- 
ground reservoirs from whence they came. Better recovery methods have 
been instituted. Thus, with the passing years, the ratio of natural gas 
liquids to dry gas sales has been rising. Improved techniques and equip- 
ment have helped to overcome such problems as inflammability. Also, new 
uses are continually being developed and old ones expanded. These are 
among the reasons why natural gas liquids are expected to make a signifi- 
cant, if not major, contribution to the nation’s energy supply pattern in the 
1960’s and 1970’s. 


As in the United States, there will be a tendency to over-production. 
Prices at the field will, therefore, remain low. Supply, rising along with, or 
even faster than, natural gas production will be locally out of phase with the 
demand for oil. That portion which can be sold as natural gasoline or 
blended with other products at the oil refineries may encounter fewer 
difficulties. However, much of the remaining propane and butane—being 
in excess of western Canadian requirements—may have to be stored pend- 
ing the development of more distant markets in eastern Canada, adjoining 
areas of the United States or overseas. 


*Natural gas liquids include propane, butanes and natural gasoline. The term 
Lp.g.’s, or liquefied petroleum gases, refers to propane and butanes. In the United 
States, about 25% of the l.p.g. production comes from petroleum refineries and 75% 
from gas processing plants in the field; in Canada production is 50% from refineries 
and 50% from field plants. 

“Total value of sales of natural gas liquids in the U.S. is now commensurate with that 
of marketed clean dry gas production. 
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Only the roughest of approximations can be made as to future supplies. 
The amount recovered will vary from reservoir to reservoir. It may range, 
as in the United States, from 10 to 75 barrels per million cubic feet of 
natural gas. Canadian experience to date has been in the order of 27 barrels 
per million cubic feet processed. Possibly this is on the low side. As the 
search for liquid fuels pushes westward into the foothills and northward into 
the Peace River District, this ratio will tend to rise. Production in the 
order of 35 barrels per million cubic feet may therefore be encountered 
by 1980. 


The following tabulation, based on the expected natural gas discoveries 
mentioned earlier in this study, gives some indication of the quantities of this 
fuel which may be available for Canadian consumption or export, 10 and 
25 years from now: 


1955 1965 1980 
Reserves in millions of bbls. 250 800 4,000 


In assessing the outlook for propane and butane in western Canada, 
marketing trends for these products in the United States can be used as 
a guide. Sales in 1925 totalled only one-third of a million gallons. By 1944, 
they had risen to one billion gallons and, in 1955, to five billion gallons. 
Thus, in 30 years, they have shown a 15,000-fold increase. During the 
past decade, the average annual increase in marketed production has been 
in the order of 17%. 


As in western Canada today, one of the main problems has been trans- 
portation. Tank trucks are commonly employed in the serving of nearby 
customers. Railway tank cars still carry some two-thirds of all the natural 
gas liquids sold at a distance from the fields. Both of these are expensive 
methods when large volumes and long distances are involved. Pipelines, 
first introduced in the United States in the 1930’s may, consequently, find 
greater use in western Canada. Laid in the same trench as the larger gas 
lines and selling their throughput more to supplement rather than in direct 
competition with natural gas, they may soon make possible the tapping 
of markets 1,000 to 1,500 miles distant from the main producing areas of 
Alberta and northeastern British Columbia. 


The development of terminal underground storage will be of consider- 
able help in this regard. Since the principal market for propane will continue 
to be space heating, some such outlet will have to be found for summer 
movements if efficient pipeline operations are to be envisaged. Once 
achieved, however, there is little to prevent these liquids reaching out across 
the continent much as natural gas has done to areas which formerly were 
heavily dependent upon solid fuels or oil refinery products. 


Waterborne shipments must also be envisaged. Already, a fair volume is 
moving northward in the United States by barge. One or two tankers are 
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already in operation and others are being built to serve such faraway 
markets as the New England states, Eastern Canada, and Western Europe. 
For example, appreciable quantities of natural gas liquids produced in the 
United States were sold in the Maritimes, Quebec, England and the Scan- 
dinavian countries in 1955. With this happening, exports by tanker from 
Canada’s west coast or down across the Great Lakes must also be kept 
in mind as possibilities for the future. 


In western Canada the industry is in its comparative infancy. Recovery 
of natural gasolines from “wet” natural gas commenced in the early Turner 
Valley days, but it was not until 1948 that propane and butane were pro- 
duced in specially-designed processing plants. Since then, their production 
from field plants has risen rapidly, output in 1955 totalling some 45 million 
gallons. Practically all of this output is being sold in Alberta and in ad- 
joining areas of British Columbia and Saskatchewan.22 In the present early 
Stages of this industry storage problems present serious obstacles to the 
co-ordination of production and market growth. 


While markets have been found for all of this new production, the 
problem of future surpluses, contingent on much greater gas production, 
has yet to be faced. Some 1.5 million people living in the western provinces 
are beyond the economic reach of natural gas pipeline distribution systems. 
Many of these can be expected to buy propane for space heating and other 
household purposes. Those on farms may also employ the natural gas 
liquids for driving tractors, irrigation pumps, and other mechanical equip- 
ment. Less than 10% of such customers in these rural areas do so at the 
present time. This, then, is the first and possibly largest single outlet 
for this Canadian-produced fuel. 


More of these liquids may also be sold for use in internal combustion 
engines. An excellent fuel for heavy trucks, buses, drilling engines, etc., 
the passing years may see them cutting into a market for refinery gasolines 
and diesel oil. Establishment of a network of special filling stations could 
also induce many operators of the lighter commercial vehicles to make this 
change. The railways, too, may be able to take advantage of local sur- 
pluses. Using gas turbine-driven locomotives, they would thereby benefit 
from lower fuel and engine maintenance costs. 


In industry, the liquefied petroleum gases can be used for many of the 
same applications as natural gas, including metal cutting, brazing and 
otherwise heat treating metals, carbonizing steel, glass processing, brick 
making and for general process and space heating in numerous manufac- 
turing enterprises. As raw materials they are ideal for the production of a 
variety of petrochemicals. This is particularly true of alcohols, acetates, 


“In addition petroleum refinery output in 1955 was in the order of 65 million gallons. 
This was valued at approximately 11¢ a gallon at Canadian oil refineries, whereas the 
value placed on Alberta natural gas plant production was about 4¢ a gallon. 
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detergents, plastics, organic acids, glycols and resins. More and more 
butane will be converted into butadiene which is an important raw material 
for synthetic rubber production. 


These are interesting possibilities. However, such outlets as are avail- 
able to Canadian producers may be largely restricted to the domestic 
market. In entering the United States one obstacle which they have to sur- 
mount is a tariff identical to that on crude petroleum, namely 10.5¢ a barrel. 
Were this to be removed one could expect an appreciable movement of 
these products into the United States Pacific Northwest from Alberta and 
British Columbia. Exports in this direction, thus, could help to offset 
imports being brought into the Atlantic region and central provinces. At 
the present time shipments from the United States into Ontario, Quebec, the 
Maritimes and Newfoundland are in the vicinity of 40 million gallons 
annually. 


Still under investigation is the possibility of transporting by pipeline 
some part of these liquids in the natural gas itself. Moved principally in 
the summer months, they could be stripped off and stored in or close 
to the main natural gas market areas. Subsequently, they could be re- 
introduced—as is common practice now—for gas enrichment and hence 
system capacity boosting during periods of peak demand. This they can do 
because their heat content is higher than that of the natural gas. Also, since 
they may be stored as liquids, they may provide a convenient way of over- 
coming what in many instances is a difficult terminal storage problem in 
respect to the natural gas itself. 


Some idea of future production has already been obtained through the 
link which these liquids have with natural gas. Their market destination is 
something else again. Canadian needs have been independently assessed 
as approximating 2% of total domestic energy requirements in 1965 and 
3% in 1980. The remainder—at least on balance—is available for export. 
The following figures reflect, in a very general way, the prospective rela- 
tionship between Canadian production and Canadian consumption of natural 


gas liquids: 
(quantity in millions of barrels) 
1955 1965 1980 
Production 2.9 270) 80 
Canadian requirements 25) 20.0 60 


Difference — 7.0 .20 


For geographical reasons, Canada will be both an exporter and an 
importer of these liquid petroleum gases. However, the division which may 
eventually develop between Canadian production for home consumption 
and Canadian production for sale elsewhere is difficult, if not impossible, to 

192 ~+~‘forecast at this time. All that can be said with any degree of assurance is 
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that, at sometime between now and 1980, actual output may be in excess 
of available markets and resort will, therefore, be had, if only intermittently, 
to the return of these natural gas liquids to underground storage. During 
the next few years the development of economic transportation facilities 
and related storage will be the main problem facing the natural gas liquids 
industry. 
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Section I: Introduction 


Canada is exceptionally well endowed with water power resources. 
Being both large and conveniently located they have played a major role 
in its economic development. Among other things they have helped to make 
up for a lack of mineral fuels in central Canada. They have made possible 
the processing of forest, mineral and other primary products on a scale 
unmatched anywhere else in the world. And, by making low-cost electrical 
energy available to the nation’s homes, farms, stores, offices and factories, 
they have contributed in innumerable ways to the exceptionally high stand- 
ard of living which Canadians now enjoy. (See charts: Average Selling 
Price of Electricity, and Electric Power Consumption vs. National Income, 
£952:) 


Thanks to a favourable climate and to the right kind of topography, to 
widespread precipitation, extensive drainage basins and readily harnessed 
water power sites, Canada has made tremendous strides in this important 
energy field. With the exception of the United States, this country has 
installed more hydro capacity than any other nation in the world. While 
Norway’s per capita installation still tops the list at 1.6 horsepower, Canada 
is second with 1.1 horsepower,? followed in order by Switzerland and 
Sweden. (See chart: World’s Leading Producers of Electricity in 1955.) 
Present plans which include the harnessing of substantial new powers may 
also give Canada the lead in this respect a decade or so from now. 


The prominence of water power resources in the Canadian economy is 
reflected in the fact that Canadians, person for person, use six times as much 
hydro-based electricity as people in the United States.’ Americans for reasons 
of location have had to rely much more heavily on thermal sources—coal, 


1At the end of 1955, the reported water powers were: U.S., 40 million h.p.; Canada, 
18 million h.p. 

It is interesting to note that per capita installation in Quebec is presently 1.6 h.p.; 
B.C., 1.3 h.p.; Ontario, 0.8. h.p.; and in both the Prairies and the Maritimes 0.3 h.p. 
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oil and natural gas—to meet the expanding needs of the main centres of 
population and industry.* Canadians enjoying an abundance of water 
power have been encouraged by its relatively low cost to use it more 
generously. With the sole exception of rural customers, whose costs are 
affected by other factors like low density of population, it may be said that 
Canadian customers pay on the average considerably less for their electrical 
service than corresponding customers in the United States. The ratio varies 
from less than one-third for industrial users to about one-half for residential 
and commercial customers. 


An abundance of readily installed water power is only one reason for 
Canada’s favourable position. Lower prices also stem from a host of other 
considerations. Most of the nation’s power utilities are already large enough 
to have achieved well balanced year-round operations. The remainder are 
mostly on-site power users whose transmission and distribution costs can 
be held to a minimum. Timing has favoured these Canadian plants for 
many of them were built when construction costs were only a fraction of 
what they are today. Canadians have also been able to avoid the inflationary 
effect of rising fuel costs—something which has been a common experience 
in thermal power using countries since the late 1930’s. 


Experience has also been an invaluable asset which, in the related fields 
of engineering and operations, has been accumulating for nearly 75 years. 


Just as soon as suitable equipment was available, Canada began to harness 
its more accessible hydraulic resources. Early records show, that water 
power was used for lighting sawmills in Ottawa as early as 1882. This 
was the same year in which electricity was offered for sale in London 
and New York. Before 1890 it was being distributed throughout a number 
of towns in Ontario and Quebec. What was probably the first really long 
distance transmission line in the British Commonwealth was constructed in 
southern Quebec in 1895. Along with the perfection of the electric motor 
and the adaptation of electricity to metal refining and the manufacture of 
electro-chemicals, the advances in the transportation of power started the 
ball rolling. Many a new power-using industry and many a major network 
can trace its early beginnings back to around 1900. 


At first, industry tended to concentrate on the production of electric 
power for its own use, factories and street railways preferring to run their 
own generating facilities rather than be dependent for their power on spe- 
cialized utilities. But with the problems associated with large scale genera- 
tion and transmission largely solved, the economies inherent in load bal- 
ancing and guaranteed service were bound to make themselves felt. Across 
the country the first lines of what have subsequently become giant networks 
were laid. Firsts of the nature of Ontario Hydro were soon to be cited as 


°Over 90% of all the power produced in Canada is generated hydraulically compared 
to around 20% in the U.S. and less than 3% in the United Kingdom. 


197 


198 


ROYAL COMMISSION ON CANADA’S ECONOMIC’ PROSPECTS 


examples of what could be done by other public utilities the world over. 
Private initiative, meanwhile, was largely responsible for bringing in the 
large new electro-metallurgical and pulp and paper-making establishments 
which sprang up across the country before 1914, during World War I and 
throughout the 1920’s. As a result of all this the amount of purchased power 
grew rapidly and, before the Great Depression got under way, less than 
10% of the nation’s output of electric power was being produced by other 
industries for their own use. 


Looking back, one can trace the expansion, not only of power production 
but of the power-using industries by selecting those dates on which output 
surpassed yet another billion kilowatt-hour mark. Canadian hydro plants 
first generated more than a billion kilowatt-hours in the month of May, 
1926. Consumption passed its second billion in early 1936; its third, 
in 1941; its fourth, in 1948; and in an astonishing spurt, reached six billion 
kilowatt-hours a month late in 1953. The tempo of these new demands is 
still rising. Yet there is little to indicate that this upward trend will change 
much between now and 1960. 


The following table outlining the growth of hydro-electric power gen- 
erating capacity is also worth noting: 


(millions of kilowatts) 


1900 1910 1920 1930 1940 1950 1955 
Generating capacity uldem 2 Lopee9" 4, 4.0, 92 0.) ee ee) 


For a long time, electric lighting played the most prominent role in 
consumption, and 24-hour operations did not become general until after 
World War I. Then, with new applications for power in industry and 
great strides in household and commercial uses, better loading patterns 
began to develop. Residential sales have since presented a record of almost 
uninterrupted expansion. Sales to commercial and manufacturing estab- 
lishments, on the other hand, have been modified by changing business 
conditions. Rarely, however, has power consumption fallen off in any one 
of these applications. Instead, the tendency for it to replace labour has 
been accelerated during periods of recession. Productivity has been stimu- 
lated, and this, in turn, has speeded the recovery of the more power oriented 
industries in the Canadian economy. 


These longer-run changes have left their mark. Not only has installed 
power-making capacity* risen by an average of a quarter million horsepower 
a year during the past half-century, but the effectiveness with which this 


‘Capacity for the generation of electric power is measured in horsepower or kilowatts, 
and the quantity delivered in kilowatt-hours. If generators could be operated con- 
tinuously at maximum capacity throughout the year, the kilowatt-hours would be 
8,760 times the kilowatts. For a number of reasons this cannot be done, principally 
because the need for electricity is not constant throughout the day, week or year. 
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capacity has been put to use has risen correspondingly. Whereas in 1950 
the generating capacity of utilities was five times as great as in 1920, it was 
utilized to the extent of producing nine times as many kilowatt-hours. 


What has brought about this greater utilization of plant? Year-round, 
24-hour operations in chemical and metallurgical type industries have helped 
to build up base loads. Refrigeration and thermostatically controlled space 
heating have worked in the same direction. Television is helping to provide 
an element of continuity, and new seasonal demands like air conditioning 
are beginning to offset the high winter peak lighting and water heating loads 
which called for so much standby capacity in the early days. 


Along with the development of these mutually compatible and higher 
priced outlets has come the opportunity, through interconnections with other 
systems, of making interchange arrangements for the sale of off-peak 
power. Gone is the day when steam raising was the principal outlet for 
surplus power. Gone too, is the day when firm year-round power could be 
bought at bargain basement prices close by the main centres of population 
and industry. Instead, the small power user has come to enjoy top priority 
in many utility areas. By being able to pay more, home owners, commercial 
users and the employers of labour-intensive industries are beginning to 
command a much larger share of Canada’s power production than has 
heretofore been the case. 


Great improvements have also been made from the operational stand- 
point. Regulation of stream flow through the use of storage has multiplied 
the power potentialities of many Canadian river systems. Tributary and 
interbasin connections have made it possible to offset their different gen- 
erating characteristics. Borrowing or selling during peak demand periods 
has gone hand in hand with improved methods of long distance transmis- 
sion. It has been encouraged by the location, close to one another, of 
systems dependent in the main, on either water or thermal power. It has 
become a handy cost-cutting device in circumstances where timing or indus- 
trial diversity has allowed the load characteristics of one utility to be set 
off against those of its neighbours. Co-operation, for reasons of economy, has 
therefore become essential. It has led, almost inevitably, to full blown 
river basin developments. Exports and imports from adjoining systems 
(whether they be interregional, interprovincial or international) have also 
come to be regarded as a must. Often they provide the only way in which 
standby capacity can be reduced and existing plants can be put to maximum 
use. 


As a result, the capacity factor (or ratio of actual usage to full time 
capability) has risen considerably. From less than 30% prior to World 
War I it rose to around 40% in the mid 1920’s and on to a high of 65% 
in 1948. Peak operating conditions are reached only on those rare occasions 
when daily and seasonal maximum demands coincide, yet even under these 
circumstances adequate allowance must be made for unforseen outages and 
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repairs. Utilization of between 60% and 66% of Canada’s installed water 
power capacity therefore represents a technological and administrative 
achievement in which the nation’s electric power producing utilities can 
justly take pride. 


Canada’s programme of electrification has had a profound effect upon the 
mechanization of industry. Fifty years ago factories in this country had 
only about 1.5 million horsepower in power-driven equipment, and of this 
less than 5% was powered by electricity. Most of the prime movers at 
that time were steam engines or water wheels, and industrial establishments 
were generally a maze of shafts and belts. By the end of World War I, 
more than half of the nation’s power-driven machinery was electrified, 
thanks largely to the harnessing of a few rivers like the St. Lawrence and 
the St. Maurice. By 1950, with hydro developments reaching into the 
hundreds, the figure had reached over 80% and the proportion of the 
power supplied by the older type prime movers had fallen to approximately 
one-fifth of what it had been a half century earlier. 


The average factory worker in 1900 was aided by some two horsepower 
of mechanical energy, of which less than one-tenth came from falling water. 
The 1950 factory worker was much better off. He had the assistance of some 
six horsepower of which well over five were electrical, and of these five prac- 
tically all were developed from water power. This increase in mechanization 
has been largely responsible for the increased productivity of Canadian 
labour or, put in another way, has multiplied the nation’s inanimate labour 
force considerably. Engineers tell us that Canada’s presently installed 
capacity of over 17 million horsepower if operated at full load is capable 
of producing energy equivalent to the work of 160 million full-time 
labourers. 


Hydro power and the greater use of electrical machinery have brought 
other advantages to Canada’s manufacturing industries. Choice of location 
is less restricted in that power can now be delivered economically over a 
much wider area. Each plant, in other words, is better able to base its choice 
of sites on such other considerations as proximity to raw materials, other 
suppliers, labour and other pertinent factors. Electrification has also enabled 
plant layouts to become more efficient. Space formerly devoted to power 
plants now is available for other purposes. Breakdowns have been isolated by 
the extensive use of individual motors. Not only has reliability been in- 
creased but electricity, because of its very nature and because of. greater 
opportunities for remote control, has made for surer, cleaner and safer 
working conditions as well. : 


In addition, hydro power has been attracting large new power-consumer 
industries right from the beginning. Abundant supplies of cheap electricity 
have served to attract firms interested in the refining of aluminum and 
other non-ferrous metals, in the production of electro-chemicals and in 
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the manufacture of pulp and paper.5 These concerns have tended to 
migrate to areas in which large blocks of cheap electrical energy could be 
developed alongside either the necessary raw materials or avenues of trans- 
portation. Thus electricity was largely responsible for many of the single 


industry towns which began to spring up across the country, particularly in 
the 1920’s. 


Not only has the power industry fostered the rapid growth of large 
energy-consuming trades, but it has also encouraged the establishment 
and diversification of the electrical apparatus and electronic equipment 
manufacturing industry as well. First came the firms which made such 
heavy machinery as turbines, generators and electric motors. Several of 
the largest were branches of United States companies. In the late ’20’s and 
the *30’s plants were also built to make household appliances and radios. 
The electronics industry gained independent status during World War II, 
and along with the manufacturer of radar, television equipment and similar 
types of electrical apparatus and supplies, has since continued to expand 
both in terms of value of production and quality of output. 


From what has already been said, it is apparent that the development 
of water power has had a tremendous effect upon Canada’s economic 
development. Just how great this effect has been is difficult to measure in 
over-all terms. Still, it is a fact that for every dollar spent on the construc- 
tion of new generation, transmission and generation of hydro-electric energy, 
two dollars have gone into the building and equipping of new manufactur- 
ing plants. For every employee engaged by the power companies, 50 have 
found jobs in secondary industry and for each additional outlay on electric 
power, as a cost of production, the nation’s output of manufactured goods 
has increased a hundredfold. 


No wonder the Canadian industrialist has great hopes for the future. 
With projects totalling in excess of 10 million horsepower scheduled for 
completion between now and 1965, he knows that electricity will be avail- 
able in abundance. He knows, too, from the nature of these projects, that 
this additional power will be relatively cheap. He knows, as a technologist, 
that the electro-process and other power-based industries will become more 


and more important as time goes by. And he knows it is along these lines . 


that Canada, with material resources aplenty, will be best able to compete 
in the markets of the world. 


Whatever happens, Canada’s water power industry will continue to grow 
both in extent and complexity. Accelerating as it does, it will help through 
its very momentum, to carry along with it the rest of the Canadian economy. 
Thus, in innumerable and in unforeseen ways it will continue to do what 
it has done so well before—that is to stimulate industrial development 


°Two-thirds of all the power used in manufacturing is consumed by Canada’s pulp 
and paper mills and non-ferrous metals smelters and refineries. 
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in those resource and resource allied fields where Canadians as a people 
possess their greatest natural advantage. 


Section II: the Nature of the Demand for Electricity 


Electricity is the most desirable form which energy can take. It is 
essential in a host of applications. Its price, furthermore, has been falling 
relative to that of other materials. For these reasons and because further 
economies of scale will tend to improve its competitive position, the demand 
for electric power is expected to go on rising at a rate equal to or greater 
than that experienced over the past 20 to 30 years. 


Long range forecasting is by no means new to the electric power in- 
dustry. Many projections have been made over the years. Yet, with few 
exceptions, those based on past experience have been on the low side. 
Demand in other words, has been accelerating. Consumption everywhere 
in the postwar period has been growing at a rate well above that of the 
interwar period. Since 1950, particularly in Canada, rates of increase 
previously unheard of have been attained. 


Eventually, the demand for electricity will encounter an upper limit to 
its course. No one energy supply sector can go on growing indefinitely at 
a rate greater than fuel and power requirements as a whole. Statistically, 
in Canada’s case, this is 30 or more years away. For our purposes it can 
therefore be ignored. On the other hand, the development of alternative 
and cheaper means of generating electric power could (and indeed may) 
have a moderating influence on Canadian consumption after 1970 or 1975. 
Were Canada’s most suitable hydro sites to have been harnessed and thermal 
power to have become more economic in the interim, certain international 
trading industries like aluminum would be tempted to build much of their 
new capacity elsewhere. Since their demands already loom large in the 
Canadian power picture, such happenings would tend to flatten out the 
nation’s power consumption curve in the late 1960’s and 1970's. 


Bound up with this question of advantage is the question of finances. 
More capital is required in the production, transmission and distribution 
of electricity than any other form of energy. Because it is more highly 
processed (and hence a higher form of energy), heavier outlays on con- 
struction and machinery and equipment are involved. Demands must be 
clearly established before the funds necessary to carry out each major 
development will be forthcoming. In the older and larger utility areas, 
short-term needs can be projected with confidence. Elsewhere, and par- 
ticularly in circumstances where new user industries must be established 
more or less simultaneously, the question of capital accumulation becomes 
4 much more intractable one. In these circumstances access to foreign 
markets for the products of heavily power dependent industries continues 
to be of paramount importance. 
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In this section future demands for electricity will be discussed first in 
terms of over-all estimates and second in the detail of the principal end 
uses to which power is put. Finally the main conclusions are discussed 
and some general observations made. 


Over-all projections 


Several methods can be used to estimate the over-all demand for electrical 
energy 10 and 25 years from now. Essentially statistical, they are, if any- 
thing, more descriptive of past developments than of future possibilities. 
By quantifying such past relationships as have occurred between electric 
power consumption and other measures of Canadian economic activity, 
they also provide us with an opportunity to gauge what, given certain 
assumptions as to output, working population, etc., the level of electricity 
consumption may be in 1980. 


Simple projection of past trends 


In Canada the long-run upward trend in power requirements from mid- 
1930’s through to 1955 has been in the order of 6% compounded annually. 
Since 1945 the average rate has been more like 7%. During the last few 
years additional generating capacity added on an unprecedented scale has 
made possible several yearly increases in excess of 8%. A recent nationwide 
survey carried out by the industry points to a better than 8% rate of growth 
of peak demand between now and 1960. 


Looking ahead 25 years we have several possibilities to choose from. 
Should demand fall back toward the historical long-term rate, consumption, 
on the average, would grow at between 6% and 7% a year between now 
and 1980. It would, in other words, double between now and 1965 and 
redouble by 1975. On the other hand, economic conditions more akin to 
the past decade might prevail. Were this to be, the consumption of elec- 
tricity in Canada might rise at better than a 7% rate and requirements in 
1980 be more than six times their present (1955) level. 


Projection of the demand—G.N.P. relationship 


On the assumption that the growth in demand for electricity is related, at 
least in part, to the expansion of the economy, a multiple correlation 
analysis was carried out in order to test the closeness of this relationship. 
A correlation coefficient of .99 was obtained for the analysis, the results 
of which may be summarized as follows: 


(a) year in and year out there is a steady increase in the demand for 
electricity which appears to be due, not so much to the growth in 
other sectors of the economy, but to the new and more intensive uses 
for electricity as such. This results in an annual increase in demand 
for power in the order of 6%. 
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(b)for every 1% volume change in G.N.P. there is a 0.36% change (in 
the same direction, up or down) in electricity consumption. 


In view of the 4.5% rate of increase in G.N.P. projected by the Com- 
mission for the next 25 years, our formula implies a corresponding in- 
crease in the demand for electricity of approximately 7.5% per annum.® 


Projection of the electric power—employment relationship 


In addition to G.N.P., the level of employment is also a good measure 
of the size and growth of the economy, and one for which long-term fore- 
casts have been prepared by the Commission. A good correlation was found 
between electricity consumption and the employed labour force and this 
has been used to provide the basis for another long-term forecast of the 
demand for electricity.7 (See chart: Correlation Between Electricity and 
Employment 1926-1955 and Derived Electricity forecast 1980.) 


CORRELATION BETWEEN ELECTRICITY AND EMPLOYMENT 1926-1955 
AND DERIVED ELECTRICITY FORECAST 1980 


BILLIONS OF KWH 
BILLIONS OF KWH 


3000 4000 5000 6000 
THOUSANDS OF CIVILIAN PERSONS EMPLOYED : 


Corresponding to the Commission’s low, median and high population 
forecasts are employment forecasts of 9.3 million, 9.6 million and 10 million 
persons for 1980. Our correlation analysis gives derived estimates of elec- 
tricity consumption equal to 415, 455 and 500 billion k.w.h. respectively. 


°This short formula is useful for estimating the year to year rate of increase in power 
demand. It requires only an estimate of the expected real rate of increase of the 
economy. For example 1955 over 1954: 6% + .36 (9% real increase in G.N.P.) 
= 9.2% increase in electricity. 

"Electricity (billion k.w.h.) = 100.12 — 5.71E + .098E’, where E = national em- 
ployment expressed in hundreds of thousands. 
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Expressed as annual rates of increase these range from 6.5% to 7 90% 
as a multiple of 1955, a five to sixfold multiplication of demand. 


Some international comparisons 


Canadian experience is not unique. Experts in many countries (at least 
those most consistently right in this respect) have been forecasting the same 
or even higher rates of increase for the future. 


The past long-term yearly rate for the United States has been in the 
order of 5.5%. Long practised in these matters, the Edison Electric Institute 
predicts an annual rate of growth in the order of 6.8% for the United States 
as far ahead as 1980. Postwar annual rates of increase in Western Europe 
have varied. For Norway between 1946 and 1953 it was 8%; the United 
Kingdom 6.7%; Sweden 6.5%; Switzerland 4.6%; and France 6.0%. 
The latest country-by-country forecasts through to 1975 envisage something 
like a 6% per annum rate of growth in demand persisting for most of these 
countries over the next two decades.$ 


The United States Pacific Northwest exhibits many of the same power 
and industrial structure characteristics to be found in the Canadian economy. 
There, a 10% annual rate is more descriptive of past experience. Projec- 
tions through 1965 and beyond contemplate a 7% or 8% yearly rate of 
increase in demand as being quite possible of achievement. 


In the chart, Long-Term Trends in per Capita Consumption of Electric 
Power, power consumption per capita has been plotted for various groups 
of countries. For Canada it is shown as rising with minor variations as 
to rate over the past 35 years. Although per capita consumption in the 
other countries shown ranged, in 1950, from a low of 125 to a high of 
5,000 kilowatt-hours a year, there does not appear to be any great differ- 
ence in the slope of the trend lines. The annual rates of growth in demand, 
in other words, do not differ markedly between the economies which are 
only now beginning and those, like Norway and Canada, which already 
use it intensively. 


With these data in mind one is tempted to conclude that: 


(a) in most countries (and regardless of their degree of industrialization ) 
the demand for electricity will continue to rise at a long-run average 
rate approaching 7% per annum; 


(b) that the disparities in per capita consumption may be as great in 
1980 as they are today; and that 


(Cc) there is no statistical basis for the contention that, as power con- 
sumption increases, the rate at which it does so tends to decline. 


8OEEC Report entitled Europe’s Growing Needs of Energy, How Can They Be Met?, 
Paris, 1956. 
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LONG TERM TRENDS IN 
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Forecast of Demand by Principal End Use 


An alternative, though more conservative method of forecasting involves 
a study of each of the individual components of demand. With this in mind, 
an examination was made of past relationships between physical measures 
of output and quantities of electricity consumed industry by industry or 
end use by end use, since 1935%. (See chart: Consumption of Electric Power 
By Principal End Use.) Using this knowledge and relying on the results 
of other studies prepared for and by the Commission’s staff, it was possible 
to build up separate projections of each of these component demands to 
1980. With this, and making certain assumptions as to exports and line 
losses, it was also possible to arrive at an over-all estimate of installed 
capacity in Canada 25 years from now. 


Pulp and paper 


The record with regard to pulp and paper is exceptional. It is one of the 
few industries in which power consumption has lagged behind the output 
of the industry itself. Electricity usage was little different in 1945 than it had 
been ten years earlier; this despite a sizable increase in industrial output. It 
was only 50% higher in 1955 though the quantity of pulp and paper pro- 
duced in that year was more than double the amount manufactured in Canada 
in the mid-1930’s. Only during the last four or five years have the volume 
of pulp and paper produced and electricity consumed tended to move 
upward roughly in step one with the other. 


Apparently the lag in electricity consumption which began about 20 
years ago and persisted until about 1949 was due to the progressive upgrad- 
ing in the use of electric power. Twenty years ago a great deal of generating 
capacity was used, essentially, for steam raising purposes. Plants had been 
overbuilt or demand in other nearby power uses had subsided. Only when 
electricity began to be in short supply did the fuels begin to monopolize the 
function of providing heat. Electricity, meanwhile, is being used more as 
a source of mechanical energy and for activation and control. 


Now that most of the “surplus” power has been diverted to more essen- 
tial purposes, there should be a closer relationship between the industry’s 
volume of output and its electricity requirements. In the past, an average 
annual increase of 4% in production was accompanied by a 1% to 
2% rise in its demand for power. Over the next decade or two, they may 
be more nearly parallel. For purposes of forecasting a 1% rise in‘ power 
consumption has been assumed to accompany every 1% increase in the 
volume of wood pulp produced. 


The following table indicates the probable orders of magnitude for 1965 
and 1980. Measured in kilowatt-hours, it points to an approximate doubling 


Statistics on consumption by major end use were not collected prior to 1933. 
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in demand over the next quarter century. This rise is less than that anti- 
cipated for most other sectors. Thus the nation’s pulp and paper mills, 
now absorbing something like 20% of Canada’s electrical output, might 
drop to less than 10% 25 years from now. 


(consumption in billions of kilowatt-hours*) 


1935 1940 1945 1950 1955 1965 1980 
k.w.h. 10.6 10.2 10.9 12.4 15.7 23.0 35.0 


4All 1955 figures pertaining to consumption have been estimated. 


Mining 

Mining is the only other major industry in which the demand for power 
has failed to keep pace with industrial output. Mineral output, as measured 
in physical terms, has been rising at an annual rate of close to 10%. 


Power usage, meanwhile, has followed along at about 6% a year; ie. 
doubling every 12 years. 


Several influences have been at work. One has been the decline of un- 
derground ccal and gold mining. Open-pit operations, characteristic of the 
newer coal and iron mines, have frequently taken their place. The more 
extensive use of diesel-driven equipment has also continued to modify the 
demand for electricity in Canada’s mining industry during the postwar 
period. 


Looking ahead, several influences making for a sizable increase in 
demand are in prospect. Coal and gold mining will become progressively 
less important in the total. As surface workings become better established 
they, too, will tend to use electricity for driving their mobile equipment. In 
the oil and gas fields and in pipelining, electrical motivation will also find 
increasing favour. Not only does electricity facilitate remote control and 
cut down direct labour costs, but electrical equipment is much less expensive 
to maintain. Here, then, we have emerging a new and comparatively large 
category of demand—one which, because of the future importance of oil 
and gas, may cause mining to become one of the major demand categories 
in Alberta and Saskatchewan. 


As a result of these influences, requirements in 1980 are expected to be 
approximately five times their present level. Maintaining its present position 
relative to over-all requirements, the amount of electricity used by the 
nation’s mines 25 years from now may be in the order of 17 billion kilowatt- 


hours. 


(consumption in billions of kilowatt-hours) 


1935 1940 1945 1950 1955 1965 1980 
k.w.h. 1.0 2.0 By 25 3:5 7.0 17.0 
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Primary iron and steel 


Consumption of electricity by the nation’s steel mills differs in two 
important respects from that of the primary industries already discussed. 
Not only is power consumption already high per unit of output but power 
requirements have been mounting even more rapidly than steel production 
itself. A major cause has been the growth of electric furnace capacity. 
Besides this, electrification, as in paper making, has also served to reduce 
labour requirements and at the same time improve control in the driving 
of rolling mill and other rotating equipment. 


Further influences making for a relative growth in electrical demand can 
be foreseen. The nation’s output of steel may rise approximately three- 
fold during the period under review. Electric furnace capacity, meanwhile, 
may go up by between four and five times. It is also likely that, with the 
increased use of turbo-open hearths and electric induction heating in the 
manufacture of steel, other new or as yet unforseen requirements may 
emerge. 


Tentatively, a sixfold growth in consumption by the nation’s primary iron 
and steel mills has been envisaged. The following estimates, while they 
would still be conservative if electric furnace capacity were to substantially 
replace present-day open hearths or electric furnace methods used for the 
reduction of iron ore, indicate the direction in which current developments 
are pointing: 


(consumption in billions of kilowatt-hours) 


1935 1940 1945 1950 1955 1965 1980 
k.w.h. 0.3 tL 1.6 Ls BES) 5.0 13.0 


Other metal smelting and refining 


Postwar demand in this category has increased more rapidly than in any 
other except household use. Since 1945, electricity consumption in non- 
ferrous metal smelting and refining has risen at an annual rate in the order 
of 8%; i.e. doubling every nine years. Metal output, being weighted in- 
creasingly with aluminum, has risen at a more modest rate. 


It has been forecast elsewhere in the Commission’s studies that the de- 
mand for structural materials, and particularly the light metals, will con- 
tinue with little abatement well into the future. This certainly applies to 
aluminum, magnesium and titanium. Canadian output in each of these 
cases has been projected at annual rates in excess of 6%. Other commodi- 
ties, some of which are only now produced on a small scale, or will be new 
to Canada, may also receive initial treatment here. This applies to some of 
the more chemically active metals like sodium, potassium and lithium as 
well as to the separation on an appreciable scale of uranium-235 from 
Canadian produced ores. Though chemical leaching processes are becoming 
increasingly popular, electro-processing will probably remain one of the 
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principal methods (if not the principal one) for the recovery and purifica- 
tion of non-ferrous metals. 


On the assumption that the long-term increase in this category of power 
demand continues in Canada, we arrive at a metal smelting and refining 
requirement in 1980 in the order of 95 billion kilowatt-hours. Even larger 
amounts would be required were the separation of uranium-235 from its 
naturally occurring and less-fissionable isotope U-238 to become an industry 
commensurate with aluminum during the next quarter century: 


(consumption in billions of kilowatt-hours) 


1935 1940 1945 1950 1955 1965 1980 
k.w.h. fet 4.0 6.8 Oe) 15.0 32.0 95.0 


Abrasives 


This industry has, so far, been drawn to this country primarily by the 
availability of low cost hydro-electric power. Its consumption of electricity 
and its volume of production, furthermore, have moved closely in line one 
with the other. As for the future, it has been assumed that output will 
continue to move upward at the same rate as industrial activity generally. 
Should the abrasives industry actually grow in this way, it would, in 1980, 
call for approximately three times as much power as it presently consumes. 


(consumption in billions of kilowatt-hours) 


1935 1940 1945 1950 1955 1965 1980 
k.w.h. 0.3 0.4 0.7 0.7 AY lid 3.0 


Chemicals 


Since the early 1930’s, there has been a considerable variation both in 
the output of the chemical industry and its requirements for electric power. 
Ignoring the war and immediate postwar periods both of which were char- 
acterized by a high level of munitions production, the ratio between the 
industry’s purchases of electricity and its output of chemicals has been 
remarkably steady. Projecting this relationship on into the future and 
assuming a 4.5-fold rise in Canadian chemical production leads to a total 
demand for electricity from this sector in 1980 in the vicinity of 25 billion 
k.w.h. 


Some further qualification is necessary. As in the past, power consump- 
tion will be determined mainly by activity in respect to primary chemical 
production and, particularly, the manufacture of fertilizers, phosphorous and 
other electro-chemical products. Technological developments may, at the 
same time, favour other sources of energy. This is particularly true of the 
nitrates and their increasing dependence on natural gas as a source material. 
Having made downward revisions on these grounds, it appears more likely 
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that chemical industry requirements may be in the order of 20 billion k.w.h. 
a quarter century from now. 


(consumption in billions of kilowatt-hours) 


1935 1940 1945 1950 1955 1965 1980 
k.w.h. 2 20 Pane) 3.4 8) 11.0 20.0 


Secondary manufacturing 


Though the low cost of electricity has attracted a number of primary 
industries to Canada, its convenience and efficiency in use have also re- 
commended it to many types of secondary manufacturing. One consequence 
of this has been a 2% rise in power consumption for every 1% increase in 
manufacturing output. For example, between 1946 and 1953, the nation’s 
output of secondary manufactures rose at an annual rate of 3.5% while 
power consumption in this sector increased by about 7% per year. 


It is here that automation has yet to make its greatest impact. Because 
of this and because electricity is generally favoured as a source of motive 
power and for activation and control, the annual postwar rate of increase 
in demand of 7% has been forecast as continuing more or less indefinitely 
into the future. 


(consumption in billions of kilowatt-hours) 


1935 1940 1945 1950 1955 1965 1980 
k.w.h. ie) 29 4.1 6.2 7.0 AY 25.0 


Domestic demand 


Since the end of World War II, the demand for electric power in house- 
holds has increased more rapidly than in any other consuming sector. 
Expressed in annual purchases, it has been increasing at a rate of about 
13%. Nor is there any concrete indication of slackening in this trend. 
Even in parts of the country where a high degree of consumer saturation 
has already been achieved the use of such new appliances as television 
sets, large refrigeration units and clothes driers is continuing to maintain 
the momentum of the past eight to ten years. 


In 1935, less than 15% of all Canadian households were equipped with 
electric washing machines, refrigerators and stoves. By 1947, this figure 
had risen to 27%. The latest survey places it at around 65%. This, along 
with the more intensive use of electricity in heating water and in driving 
oil furnace blowers, has resulted in doubling in household sales within the 
short space of six years. 


Though there are only a few remaining areas lacking electric power 
services, the introduction of additional power-consuming equipment may 
well serve to maintain the present rate of increase. It has been estimated 
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that the typical home, if fully electrified, will consume in excess of 20,000 
kilowatt-hours of electricity annually. When equipped merely for cooking, 
water heating, refrigeration and the operation of light appliances, it calls 
for about 6,000 kilowatt-hours. Presently the Canadian national household 
average is in the vicinity of 3,000 kilowatt-hours. Manitoba is highest on a 
per customer basis with 5,000 while the newer residential sections of a num- 
ber of Ontario and British Columbia towns show an average usage in excess 
of 6,000 kilowatt-hours per year. In the United States these sales vary 
widely with a high in the Pacific Northwest of close to 8,000 kilowatt-hours 
annually. 


In preparing the following estimates it has been assumed that per cus- 
tomer usage in Canada will move steadily upward to a high of 10,000 
kilowatt-hours per customer in 1980: Were this to take place, domestic 
service would account for about 20% of the nation’s total requirements. 
Presently it is around 15%. 


The appearance of summer peaks, stimulated by air conditioning may 
also lead to some deterioration in load factor, particularly in the more 
densely populated areas of the country. Additional peak load hydro, gas 
turbine and conventional steam thermal plants may therefore have to 
be installed in order to meet these changing circumstances. 


(consumption in billions of kilowatt-hours) 


1935 1940 1945 1950 1955 1965 1980 
k.w.h. 1.8 2.4 3.4 6.7 11.5 25.0 75.0 


Commercial light and other services 


Overall, the trend in consumption in this category has been steadily 
upward. Maintaining a rate slightly in excess of 5% per annum since 
1935, it has obscured short-run movements, upward or downward, in retail 
and wholesale trade activity. In estimating future requirements, it has been 
assumed that these demands, in aggregate, will follow somewhat behind 
rather than parallel domestic usage. An approximate threefold rise in re- 
quirements would see commercial uses absorbing something like 10% of 
total Canadian consumption in 1980. 


(consumption in billions of kilowatt-hours) 


1935 1940 1945 1950 1955 1965 1980 
k.w.h, Zo 239 5.0 BEY, 9.0 18.0 45.0 


Exports 


Having reached a peak towards the end of World War II, exports have 
since declined and then risen again. In 1955 they were at an all-time 
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high of slightly over four billion kilowatt-hours.!° Relatively speaking, they 
have lagged well behind the total output of Canadian generating plants. 


One reason for this has been the power shortage in Canada (and par- 
ticularly in Southern Ontario) since 1945. Another has been the recent 
falling off in export demand, notably in the United States Pacific Northwest. 
But of even greater significance have been the limits imposed by Canadian 
legislation. The Exportation of Power and Fluid and Importation of Gas 
Act, first passed in 1907, requires annual export permits. Longer-term 
contracts, while they can be negotiated between utilities on either side of the 
International Boundary are therefore subject to interruption. Because of this, 
and because administration of the Act has had the effect of limiting exports 
of Canadian produced electricity to amounts similar to those permitted 
under previous arrangements, legislation in this country has had its intended 
effect of minimizing the flow of electricity from Canada to the United 
States. 


Various economic forces are working in the opposite direction. System 
interchange arrangements have helped to reduce over-all investments in 
standby and peak-shaving generating facilities. Costs, in this way could 
also be reduced through interprovincial and international links. Besides, 
there is the problem of financing exceptionally large power projects; a prob- 
lem which is particularly acute in circumstances where the growth in local 
demand does not immediately warrant such an investment. Once in exis- 
tence such sources of supply might, by lowering costs, stimulate the growth 
of a much larger Canadian market. 


Designed to bring about a progressive repatriation of power (or an 
eventual balancing of imports and exports) such arrangements could result 
in a significant short-run increase in export earnings and, at the same time, 
result in lower cost power to Canadian consumers. Since entering into 
international sales agreements of this kind presumes a change in federal 
government policy, no such rationalization of Canada’s trade in electricity 
has been assumed to take place between now and 1980. Instead, exports are 
shown as remaining at around 5% of total Canadian generation over the 
next 25 years. 


With imports (substantially due to the recovery of water storage benefits ) 
amounting to 10 billion k.w.h. net exports would be about 10 billion k.w.h. 
or 2.5% of production in 1980. 


Losses 


In order to arrive at a total figure for consumption, line and other losses 
must also be taken into account. Showing a moderate downward move- 
ment between 1935 and 1947 they have since fluctuated between 9% and 


In 1955 about 5.3% of all the electricity generated in Canada was exported to the 
United States. 
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10% of total consumption. Such losses may, if anything, tend to rise 
rather than fall in future. More electricity will be distributed to urban 
household, rural, commercial and small industrial consumers. Also more 
may be lost as a result of the need to transmit power over greater distances 
to market from coal based generating plants at the pit head or from more 
remote hydro-electric installations. Ten per cent has therefore been chosen 
as an approximate measure of total system losses a quarter century from 
now. 


(losses in billions of kilowatt-hours) 


1935 1940 1945 1950 1955 1965 1980 
k.w.h. 2.6 3.0 O75 4.9 1B) 16.0 39.0 


Total 


In adding up the projected demands for each of these consuming sectors, 
we arrive at a total power requirement of some 390 billion kilowatt-hours 
annually in 1980. Growing from approximately 80 billion kilowatt-hours 
in 1955, demand is seen as multiplying between four and a half and five 
times over the next 25 years. It is about the same figure as would be 
achieved by a steady 6.5% annual rate of increase in consumption. 


Electric Power Consumption 
by Consuming Sectors 


(actual 1953; estimated 1965 and 1980) 


1953 1965 1980 
Power Power Power 

Consuming sector consumption % consumption % consumption % 

(MM k.w.h.) (MM k.w.h.) (MM k.w.h.) 
Pulp and paper 14,715 21.0 23,000 14.4 35,000 At 
Mining 2,782 4.0 7,000 4.3 17,000 4.4 
Primary iron and steel 1,927 DY] 5,000 Sel 13,000 3.4 
Smelting and refining 13,087 18.7 32,000 20.1 95,000 24.6 
Abrasives 1,030 1.5 1,700 il, 3,000 0.8 
Chemicals 3,970 Sa 11,000 6.9 20,000 5.0 
Secondary manufacturing 6,199. 8.8 13,000 8.1 25,000 6.5 
Domestic demand 9,878 14.1 25,000 15.6 75,000 19.6 

Commercial light and 

other services 7,603 10.9 18,000 11.2 45,000 11.6 
Exports 2,424 30) 8,500 555) 20,000 5.0 
Losses 6,364 Oil 16,000 ge 39,000 10.0 
Total 69,979 100.0 160,200 100.0 387,000 100.0 


Some Conclusions and Further Observations 


We now have a number of projections to choose from. They range from 
a low of around 6.5% per annum to a high of over 7%. Results of such 
aggregative methods as correlations of power consumption with G.N.P. 
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or the nation’s labour force indicate that Canada’s total requirements 
may rise from 80 billion to over 400 billion kilowatt-hours in 1980. Only 
the foregoing end-use analysis results in lower figures. A 7% has therefore 
been chosen as the most likely to reflect the upward trend in market require- 
ments in electricity over the next quarter century. (See chart: Electric 
Power Consumption in Canada 1926-1980.) 


Several reasons can be given as to why our more detailed approach 


yields results which are on the low side. Several of today’s major power- 


using industries may expand at a rate greater than that envisaged in the 
Commission’s other staff studies. The market for pulp and paper may more 
than double over the next 25 years. Electro-processing could become 
economically feasible in the case of iron ore. A switch to electricity for 
space heating in the more prosperous residential districts in some of Canada’s 
larger cities would require more power per residential customer. Also, the 
export of electricity could lead to the building of more generating capacity 
than has been envisaged in the foregoing end-use analysis. Finally a 5.5-fold 
(i.e. 7% per annum rate) increase in electricity consumption appears to be 
more in line with the expectations of responsible officials within the industry 
itself. 


The changing importance of different consuming sectors, one to another, 
is also worthy of comment. Should the individual end-use forecasts be 
realized, domestic service and non-ferrous metal smelting refineries will show 
the greatest gains. Pulp and paper, abrasives, secondary manufacturing 
and commercial requirements meanwhile will tend to lag behind power 
consumption generally. 


The implications in so far as installed capacity is concerned are inter- 
esting. Generally speaking, the uses which tend to depress system load 
factors are offset by the prospective growth in requirements of the more 
continuous, power demanding electro-processing industries. Were they to 
be in exact balance and other influences such as system integration to 
have little effect, the present national capacity factor (the ratio between 
total Canadian consumption and power generating capabilities) would re- 
main unchanged at approximately 61%.1! It is thought that, if anything, the 
changing nature of the load in Canada, and the more efficient utilization 
of plant made possible by greater interprovincial and international co- 
operation, will bring about a further intensification of use. The likely 
national capacity factor has therefore been put at 62% in 1965 and 64% 
in 1980. 


“In the United States the national capacity factor has been improving steadily. It 
rose from 37% in 1939 to 55% in 1955. In Canada the capacity factor of all Central 
Electric Stations increased from 45% in the mid-1920’s to better than 60% at the 
present time. 
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The following table indicates the installed capacity necessary to support 
a 7% per annum increase in demand in a national power system whose 
load and other characteristics tend to change in the manner outlined above. 


Estimated National Total required 
Year demand capacity factor capacity 
(MMM k.w.h.) (per cent) (MM k.w.h.) 
1955 (actual) 81 61 15 
1965 155 O27 > 28 
1980 430 64 76 


Section III: Available Sources of Supply of Electricity 


Turning more specifically to the question of supply, we find that many 
of the nation’s more favourably located hydro sites have already been 
developed. Reliance is now having to be placed on others which are either 
more remote or involve less desirable physical characteristics. Improvements 
in long distance transmission, the greater use of pump and other water 
storage, and the interconnection of different river and power distributing 
systems have had an offsetting influence. Despite this, the delivered cost of 
hydro power in some of the more highly developed areas of the country 
is already showing a tendency to rise. 


Faced with the alternative of having to go much further afield in search 
of undeveloped hydro resources, recourse is having to be made, increasingly, 
to thermal generation. This is the situation particularly in Southern Ontario, 
Manitoba and Nova Scotia. Unfortunately fuel costs in these areas, being 
among the highest on the continent, make steam power a much less desir- 
able alternative than it is, say, in Alberta and Saskatchewan where coal 
and natural gas are plentiful and comparatively cheap. But, before dwell- 
ing at some length on the varying prospects for electric power production 
regionally across the country, let us look somewhat more carefully at Can- 
ada’s available hydraulic potential. 


Canada’s Water Power Resources 


Unlike the combustion of coal and other fossil fuels for power making 
purposes, the use of water power does not deplete the resources of a country. 
Indeed, as long as the sun continues to shine and the rain to fall, the 
nation’s water power potential remains undiminished. It may fluctuate 
from one season to the next and from year to year, yet the reliable hydraulic 
energy which can be obtained continuously from any one site can be 
estimated with a fair degree of accuracy from past data on stream flow, 
information as to rock formation and other necessary conditions for 
construction, and from the topography of the upstream area in question. 


This has been done systematically over the years by various governmental 
agencies at both the provincial and federal level. Their findings, as published 
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annually by the federal department concerned with water resources, are 
summarized in the following table. 


Available and Developed Water Power in Canada 
at End of Year 1955 


(thousands of kilowatts) 


Available 24-hour 
Province power at 80% efficiency Installed Column (4) 
or At ordinary At ordinary turbine asa % 
territory minmum six months capacity of column 
flow flow (3) 

(1) (2) (3) (4) (5) 
Newfoundland YS 2,054 245 12 
Prince Edward Island a 2 1 50 
Nova Scotia LS 1G 132 113 
New Brunswick 92 249 122 49 
Quebec 8,128 152352 5,950 39 
Ontario 4,034 5,417 4,004 74 
Manitoba 2,486 4,149 594 14 
Saskatchewan 410 835 “82 10 
Alberta 379 938 Zhe 23 
British Columbia 5,239 8,204 1,694 21 
Yukon and N.W.T. 285 607 25 4 

Canada DA IRM 37,023 13,061 34 


These data, which reflect the position as of January 1, 1956, show 
that, under minimum flow conditions, Canada’s presently measured water 
power potential is in the vicinity of 22 million kilowatts. The ordinary 
six months flow data give us a first approximation of the resources available 
to the industry. Yet even this is not directly comparable to the figures shown 
in Column (4) relating to installed capacity. It often pays to install addi- 
tional capacity, some of which may be operative for only a relatively few 
months in the average year. Because of this practice Canada’s measured 
resources, when fully harnessed, might support a total turbine installation 
of as much as 50 million kilowatts.'* Confirmation of this is to be found in 
the usual practice of the industry of taking the commercially available 
capacity to be approximately one-third greater than consistent with the 
conditions of ordinary six months flow. 


With a caution customary among engineers, statistics pertaining to some 
of the lesser known (and yet possibly favourable) sites are frequently dis- 
regarded, until such time as the necessary runoff, topographical and dam 
foundation conditions have actually been subjected to exhaustive survey. 
In order ‘that these resources be properly quantified, stream flow data must 
be available over a period of many years. Where a high dam structure is 
envisaged, or considerable tunnelling is involved, the possibility of using 
new and improved techniques cannot always be anticipated. Often left out 


27e. 30% in excess of ordinary six months flow. 
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of account until the need arises, are the additional capacities possible 
through the greater use of storage and stream regulation. River diversions 
from one watershed to another may also result, sometimes quite unex- 
pectedly, in new freedoms for increased hydro power generation. Thus 
potentials such as those recently established at Kitimat or envisaged for 
the Columbia or Fraser river systems had for years been disregarded either 
as unproven or visionary, if not entirely out of the question. 


Therefore, in looking ahead, allowance must necessarily be made for the 
fact that with more knowledge further water power resources will be added 
to the nation’s potential. Reports down the years relating to Canada’s 
available power producing capacity bear this out. In 1923 the nation’s 
hydro-electric potential at ordinary six months flow was put at 24 million 
kilowatts. By 1939 this had been revised upward to 25 million kilowatts, 
and by 1946 to 30 million kilowatts. Now, as the accompanying table 
shows, it is put at 38 million kilowatts. This still leaves out of account 
those but partly measured and yet tremendous resources believed to be 
available on the Hamilton River in Labrador, or creatable by diverting the 
headwaters of the Yukon, Whiting, Stikine and Unuk Rivers through the 
Alaskan Panhandle to the Pacific Ocean. Also, no allowance has been 
made for the repayment in power of down-stream benefits in the United 
States resulting from the construction of storage reservoirs on the upper 
reaches of the Columbia and its tributaries in southeastern British Col- 
umbia. 


Who can tell? Twenty or thirty years from now, with the greater freedoms 
brought about by the adoption of new construction techniques and further 
river system integration and electric interconnections, Canada’s measured 
six month ordinary flow potential might be in excess of 50 million kilowatts. 
The industry then would see this supporting a commercial power potential 
of between 60 and 70 million kilowatts. 


Against this background it would appear that something less than one- 
quarter of the nation’s hydro-electric has, as yet, been put to work. Even 
when our more optimistic projects of load growth are taken into account, 
it would appear that Canada would still have a sizable undeveloped water 
resource available for future expansion in the 1960’s and 1970’s. There- 
after, and with most if not all of the more accessible sites developed, resort 
will have to be had to other means of generating electricity. 


These forecasts have been made without regard to the cost of developing 
additional capacity. This cost is bound to increase.as more remote sites 
are developed or more expensive construction is required. The increase 
may be offset to some extent by improving the efficiency of transmission 
systems where larger loads permit operation at higher voltage,'* and perhaps 


Ror long distance transmission or traversing water barriers high voltage direct 
current shows promise of substantial economies both in terms of reducing power 
losses and through a reduction in capital costs. 
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to a lesser extent by the installation of supplementary thermal capacity to 
look after exceptional peaks in power demands. It is reasonable, however, 
to assume that the recent upward trend in the generating cost of hydro 
power near such important consuming centres as Montreal, Toronto and 
Winnipeg will continue to make itself felt. 


This is not to imply that the economic incentive to develop most of the 
country’s more remote power sites will have been removed. Some of them 
—resembling the Taku project on the Yukon River in British Columbia, 
and Grand Falls on the Hamilton River in Labrador—will, because of their 
relative isolation from alternative demands and because of their proximity 
to waterborne transportation, continue to attract certain of the more power 
intensive types of primary manufacturing such as the refining of metals, 
the manufacture of pulp and paper, and the production of electro- 
chemicals. 


Conventional Thermal Plants 


In a number of Canada’s main industrial centres resort will soon have 
to be made to sources of electricity other than water power. This has its 
advantages as well as its disadvantages. Even where the water resources 
of an area are abundant, the use of fuel-powered generating plants is not 
necessarily precluded. The optimum operating characteristics of the two 
often are sufficiently different to complement, rather than directly compete 
with, one another. 


As long as favourable hydro-electric power sites remain to be developed, 
thermal installations will constitute a complementary source, operating all- 
out only during periods of high demand or sub-normal river flows. Indeed, 
in some of the better established hydro power systems, one or more of 
the coal, oil or gas burning units, used in this fashion, can constitute a 
most valuable part of the production facilities. 


It should not be inferred from this that it is the hydraulic plant which is 
always called upon to meet the system’s base load requirements. In circum- 
stances where many of the more suitable water power resources have 
already been harnessed, large modern steam stations must necessarily be 
designed to perform this function. Also, wherever water can easily be 
stored from one day to the next, the customary Canadian practice is re- 
versed and hydro power can be conserved for the purpose of meeting peak 
demands. Instances of this practice are not only widespread in eastern 
United States but also can be found in the Maritimes and western Alberta. 


The necessity of having to turn, in places, from hydro to thermal sources 
of electrical energy is not as distressing a prospect as it was 20 or 30 years 
ago. Not only do they work well together but the margin of cost between 
them has been steadily narrowing. Investment per installed kilowatt in the 
case of hydro power has been going steadily upward due to inflation, the 
need to develop more remote sites and the added capital expense involved 
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in long distance transmission. The effects of inflation have to a large extent 
been offset by improvements in design in steam-electric generation. Also, 
plants of the latter type can be sited more favourably in relation to system 
load centres, thereby minimizing carrying charges and power losses inherent 
in its distribution. 


One reason for the growing popularity of thermal generation is the 
efficiency with which fuel can be burned today as opposed to that of 20 or 
30 years ago. Remarkable improvements have been made in the heat rating 
of conventional steam power plants. The more extensive use, in recent 
years, of the diesel engine with its exceptionally high thermal efficiency has 
had much the same effect. These innovations have been such as to effec- 
tively cancel out the price rises per ton or per barrel of the fuel which 
these stations consume. As a consequence of this, fuel outlays per unit 
of power produced have tended to remain relatively stable. In some areas 
they have actually declined. One pound of coal today will produce as 
much electricity as six pounds burned in the average steam station built 
in 1900. Maximum thermal efficiencies have risen from less than 25% to 
close on 40% during the last quarter century.‘ Water power, by contrast, 
with little latitude left for further improvements in over-all efficiency has, 
therefore, lost some of its competitive advantage over other sources of 
electricity. 


One has but to recount recent Canadian experience to illustrate this 
point. A large coal-burning base load plant located on the waterfront of 
Toronto can deliver electrical energy at a cost only about 50% higher than 
that laid down at Southern Ontario’s principal load centres from the new 
hydro installations at Niagara or built in connection with the St. Law- 
rence Deep Waterway. Twenty or thirty years ago there would have been a 
much greater discrepancy between these power quotations. In 1920, for 
example, it might have cost anywhere from three to five times as much to 
produce electrical energy by thermal means in Southern Ontario. 


So marked have been these changes in efficiency, and so great have been 
the cost reductions in mining that, where natural gas or strip mined coal 
are readily available the choice of thermal generation is now more or less 
taken for granted. Indeed, in southern Saskatchewan and throughout Alberta 
where fossil fuel energy can usually be obtained for the coal equivalent 
price of $3 a ton or less, water power, if it is developed at all, is used to 
supplement rather than to take precedence in meeting the utility system’s 
base load requirements. 


There are, in addition to these instances where energy is comparatively 
cheap and abundant, other areas and applications where hydro-electric 
power is at a disadvantage. This is so in isolated communities where the 


“The U.S. average as recently as 1930 was 16%-17%. Now it is in the vicinity 
of 30%. 
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demand for electricity is relatively small and subject to considerable varia- 
tions over time. Also, the uncertain life of new mining areas may make 
investment in dams and other fixed assets inadvisable. Where this is so, 
diesel electric generation is frequently the answer. These engines which 
are better able to meet wider load factor conditions are often employed. 
Because of these attributes, and because of its high thermal efficiency, the 
diesel will probably continue to be the workhorse of the industry in the 
more remote and less thickly populated parts of the country.1° 


More and more is being heard about the gas turbine as a prime mover 
for the generation of electricity. Within the last few years, it has found 
application on the Prairies where natural gas is readily available and 
where the construction of steam plants is handicapped by a lack of cooling 
water. Now this type of prime mover is also being introduced in British 
Columbia for firming up hydro power during adverse water years, meeting 
peak loads and for emergency standby. Flexible in operation, reliable, 
comparatively inexpensive to build, easy to maintain, and more efficient the 
colder the weather, these newer types of engines may be used more exten- 
sively as time goes by. Yet, because of their heavier demands on fuel as 
compared with the larger and more elaborate types of steam stations, they 
are unlikely to be used extensively for the generation of electric power 
elsewhere in Canada.1® 


Hydro power, then, appears to be labouring under several disadvantages. 
Usually, it involves heavier capital investment at the outset. Often a great 
deal of plant and equipment has to be installed rather than building bit 
by bit in accordance with short-run system demands. Tied in terms of 
capability to the characteristics of river flow, it must, in a sense, be over- 
built at the outset to look after the exceptional peaks in demand which may 
be encountered daily or seasonally throughout the year. 


Offsetting these are certain important long-run advantages. The rate of 
obsolescence of water power installations is much lower than that of any 
type of thermal plant. Operating costs such as those involved for supplying 
fuel, labour and maintenance, are either non-existent or are small in relation 
to the total. A steady rise in the level of wages both at the operating and 
maintenance levels and the impact of continuing inflation in the price of fuel, 
therefore, favours capital intensive investments of this kind. The burden of 
their carrying charges, on the other hand, diminishes and, because of the 
useful life of most water power projects frequently exists well beyond that 
used for accounting purposes, their real cost in any given system is likely 
to be less—and sometimes much less—than that associated with other 
means of producing electricity. 


Diesel electric installations usually are favoured in circumstances where the installed 
capacity required varies from 200 to 2,000 k.w. 

At present gas turbines are being built in a variety of sizes ranging from 2,000 to 
25,000 kilowatts of capacity. 
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It is often with these latter considerations in mind that public utility 
companies, as well as large concerns whose main activity centres around 
primary processes, prefer to develop new water power capacity rather 
than tie their fortunes to the less predictable thermal sources of supply. 


In view of this country’s great dependence on hydro power a further 
word quantifying the growing importance of electricity from other sources 
may not be amiss here. In the ten-year period prior to 1945 growth rate 
of thermal-electric capacity was lower than that of hydro-electric capacity 
and, by comparison, quantitatively very small; in the succeeding decade 
thermal plant capacity increased at more than twice the rate of hydro 
capacity thereby raising the ratio between the two from one in fifteen to one 
in seven. Our projection for the next quarter century (i.e. from 1955 to 
1980) indicates that thermal sources of all types will continue to gain both 
relatively and absolutely as a source of electrical energy in the Canadian 
economy. 


Growth Trends in Thermal and Hydro Generating Capacity 


Time period Rate of growth Ratio: thermal to hydro 
Hydro Thermal 
1935 to 1945 3% 2% 1945: 1 15 
1945 to 1955 6% 14% [955 1 : 7 
1955 to 1980 5% 9% 1980: 1 : 2 


Some Reservations re 1980 


As in the case of other commodities jurisdictional factors and other 
industry relationships must also be taken into account. In the foregoing 
analysis it has been assumed that international obstacles of the type which 
are presently being encountered on the Columbia River will be overcome, 
also that a solution to the fisheries problem on the Fraser and other west 
coast rivers will be found which is consistent with the production of hydro- 
electric power on a really large scale. 


These are important provisos. The projections of consumption de- 
scribed earlier in this report will only be realized if most (if not all) of the 
larger power sites in British Columbia and the Yukon are harnessed by 
1980. Of the nation’s remaining and as yet undeveloped water power 
capacity approximately one-third or between 15 million and 20 million 
kilowatts is contingent, in one way or another, upon water storage and power 
export agreements with the United States. Adequate payment for down- 
stream benefits in terms of electricity must be realized and, in the case 
of river diversions in Canada, allowance must be made for possible damages 
suffered by American interests, in the United States Pacific Northwest or 
in the Alaskan Panhandle. Construction of 15 or more million kilowatts 
will be held up until such time as the difference between the salmon fishing 
industry on the one hand and the producers and consumers of power on 
the other hand are resolved. Certain projects in northern British Columbia 
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Table 14 
LARGE HYDRO POWER CAPABILITIES? 


(remaining to be developed in Canada as of December 31 LISD) 


Millions of 


installed kil tts 
On the Island of Newfoundland ‘ Sea 


Se toe TAS Les 0.2 
Re anrmrN eta eee em plo eS ey ep AD 
PNOIMMI TEBOW IC Kerang tee Woe Coa Ore ds oS 0.5 
Quebec 
USEFI ET) S03 SE RS ls Seg A yee ae ar 0.9 
PTE ENTE) | Mee ey 8 A ERS ee ela es eee Ue ae 0.7, 
OVEN) by ZU Nake BO LR Ds Oa A 0.9 
RICO Me ae ee eee 2 ee tie Se ry ry, 0.6 
SEPA Kern Dios oe Ese ai Manta SORE Ss eas 1.0 
INorthesbones Gulivof Stwleawrence me. ee ee 4.0 (min.) 
Rivers flowing into James, Hudson’s and Ungava Bays _____ 6.8 
Ontario 
ONS pC Ur Per: Cl AN EY os Ce RS de cee ae Bee Oe 0.9 ’ 
INontheastennEe@ntarl@ amet = eee ee eter EGY oh” Seb 0.2 
Manitoba 
Nelson, Churchill and Saskatchewan... oe 3.9 
Alberta 
Peace.) Saskaichcewan, BOW, etcy 2 2 1.0 
British Columbia‘ 
Colmmvinvand: ioutartese sb eo oa ac54 
rascian Guth DUutari coe eesass eee ek ya he 8.7 
Nass Stikines:lbiat done om seein Ae a Nic 6.0 
Other coast rivers and possible diversionsé' = 4.0 (min.) 
Possible downstream benefits (from U.S.) 1.0 (min.) 
YUKO ake PRO}CC Unset eee ee a ee a Si? 
OLA CPLOVISLON AL) eee eee ene Cre tees tee 54.2 


Annual power potential at 70% capacity factor , 

= _ 54,200,000 x 8760 x 70/100 = 332 billion k.w.h. (approximately). 
Existing stations generated 75 billion k.w.h. in 1955. 

In this study ac amount of hydro-electricity required to service the expected load in 1980 
is 300 billion k.w.h 


8100,000 kw, and up. 

>Excluding the Albany and Severn River systems. 

cThe B.C. government in its brief estimated that the total hydro power resources of that province 
were in the vicinity of 18 million k.w. 

Problems of Pa ida of International Rivers on the Pacific Watershed of Canada and the 
United States, by Gen. A. G. L. McNaughton—paper submitted to the World Power Conference, 
Vienna, 1956. 

°A suming no diversion of the Columbia into the Fraser River system. Were this to be done, 
it would add some 4.5 million kw. to Canadian capacity. 

tSee Major Undeveloped Water Powers of Northern British Columbia by A. J. Smith, McElhanney, 
McRae, Smith and Nash, Vancouver, B.C., February, 1955. 


are confronted with the need to resolve difficulties of both these natures 
simultaneously. 


Agreements. of mutal benefit may be struck. Co-operation locally, inter- 
nationally and between industries will help to reduce costs and encourage 
the greater use of electric power. A prior condition, however, is a set of 
basic principles—rules which are effective both ways—and agreed upon by 
all concerned whether they be provincial, state, federal or purely local in 
character. These will take time to negotiate as will subsequent hearings, 
project by project, before the various regulatory authorities charged with 
administering these matters at the various political levels. Here we have 
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assumed the best of all possible worlds; namely that the intelligent thing 
to do is bargain and that in bargaining the most beneficial development 
of Canadian and American resources will be realized. 


Section IV: Financing of Future Power Projects 


Until quite recently more money was raised and more money invested 
each year in the generation, transmission and distribution of electric power 
than in the production, transportation and marketing of coal, oil and natural 
gas combined. Even today capital outlays for this purpose approximate 
that spent on all phases of oil and gas development from exploration through 
transportation and processing to marketing.'’ This situation is unlikely to 
change substantially in the years ahead. Should the commodity forecasts . 
described in this study be realized, the volume of funds required for the 
construction and equipment of new electric power stations, transmission 
grids and retail outlets will continue, as now, to range between 40% and 
50% of total investment in the energy sector of the Canadian economy. 


(investment in $ millions) 
Electric power 


All fuel as % of all 
Year Electric power* = Oil and gas and power” energy industries 
1948 252 84 Bye HI 70 
1955 405 461 908 45 
1980 Est 2,050 2/18 4,800 43 


“Central electric stations only. 
“Including fuel wood, coal, coke and manufactured gas. 


In view of the lesser amount of energy involved, these proportions may, 
at first glance, appear to be unduly high. One must bear in mind, however, 
that electricity, as compared with the fuels, is a highly manufactured 
product. Being more efficient in use and usually involving a lesser invest- 
ment on the part of the consumer it is inherently capable of earning a higher 
price. In meeting the needs of industry and of the:community at large, the 
electric power utilities are, therefore, called upon to invest more money per 
unit of output than is the rule with coal, oil or natural gas. 


The amount of capital required is also affected by the nature of the 
available resources and by the number, variety and regional concentration 
of the customers served. Hydro-electric installations are usually much more 
expensive than thermal stations to build.'* Also, the capital cost per 
installed kilowatt of thermal capacity varies according to the nature of 


1Investment intentions by the central electric station industry alone approximate $600 
million for 1956. Total expenditures on all oil and gas were expected to be in the 
vicinity of $650 million. Were investment outlays by industries producing electricity 
for their own use to be added, electric power would still be larger than the other two 
taken together. 

Since 1950 the average investment per installed kilowatt of generating capacity in 
Canada has been : hydro $225; thermal stations $125. 
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the fuel burned and the type of equipment involved. Ranked in descending 
order, they are (a) those burning coal (especially the lower grades), (b) 
plants burning oil or natural gas and (c) gas turbine installations. Further 
complicating these comparisons are such features as the location of the 
proposed plant with reference to its load, the complexity of the transmission 
and distribution problems involved, and, further, the nature of the load to 
be served. Under certain circumstances these factors may operate in favour 
of employing water power as the source of electricity, e.g. if it is serving 
one or more nearby primary or heavily powered dependent in a remote 
area of the country. The choice of thermal installations, on the other hand, 
is likely to be made more frequently in highly developed areas where one 
or more of the fossil fuels is available in quantity and at relatively low 
prices and where the demand for electricity tends to fluctuate more widely 
due to a preponderance of residential, commercial and small industrial 
requirements. Obviously the interrelationships and effects of all of these 
factors varies from one part of the country to the next. 


In contrast to oil and natural gas, Canada’s electric power resources 
have, for the most part, been developed and financed by Canadian capital 
for use in Canada. Also the industry has been built up to serve demands 
which are primarily local or regional in character. Export contracts, if any, 
have been incidental. Also, because of the large amounts of capital involved 
and the need to secure the lowest possible interest rates, the generation, 
transmission and even distribution of electricity has been more susceptible 
to public financing than is the case in most other industries. Provincial 
and municipally backed corporations have raised most of these funds 
through the sale of bonds or by plowing back revenue received from the 
sale of power. Ownership and control of the industry, therefore, rest 
essentially in Canadian hands.!® The principal exceptions are to be found 
in such power intensive industries as pulp and paper, mining, electro- 
chemical processing and aluminum ore to the occasional company-owned 
plant like the Ford Motor Company’s steam electric station in Windsor. 


This being the case, the task of establishing new facilities in advance of 
demand tends to fall directly on the shoulders of the local franchise holding 
company or commission. Such an undertaking is less difficult in areas of 
long-established use where considerable plant and equipment already exist 
and where the long-run upward trend in consumption can be projected with 
confidence 10 or 20 years ahead. The situation is markedly different in 
circumstances where past demands have been modest (or non-existent) and 


“The majority of these utilities are publicly owned—often taking the form of pro- 
vincial commissions or municipal distributing bodies. However, the largest of the 
private companies (B.C. Electric Co. Ltd., Shawinigan Water and Power, Calgary 
Power, East Kootenay, Southern Canada Power, Nova Scotia Light and Power and 
Newfoundland Light and power) are also owned and controlled in this country. Among 
the privately owned corporations only Canadian Utilities and Gatineau Power stock 
is known to be substantially in the hands of non-residents. 
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where present day assets are worth only a fraction of those required to be put 
in place over the next decade or two. In situations where the remaining 
power resources are either far afield (usually hydro) or must be harnessed 
on a very large scale in order to take full advantage of their ultimate potent- 
ial, complications also arise. Then the attainment of low unit costs at the 
outset and optimum performance over the longer run are rarely compatible. 
Only when large new or temporary export markets capable of absorbing half 
or more of the output from these resources are available can the necessary 
funds be raised through the usual commercial channels. 


Ontario Hydro is doubly favoured in this respect. A giant among North 
America’s power utilities, it must meet the continuing needs of the most 
highly industrialized and rapidly growing region in Canada. Not only can 
it predict its load growth with confidence but its bonds are backed by Can- 
ada’s wealthiest province, Ontario. Ontario Hydro can, therefore, borrow 
money at comparatively low rates of interest (generally less than 5%). 
Being a wholly owned public utility, it also does not pay income tax.2° Hence 
capital carrying charges (and therefore power rates) are lower to con- 
sumers in Ontario than in most other parts of the continent. 


At the other extreme—though also publicly owned—is the New Brunswick 
Power Commission. In order to draw industry to the region electric power 
must be generated in amounts and at prices much more favourable than in 
the past. Such water power resources as are available are expensive to 
harness and are contingent upon storage developments outside of either 
provincial or Canadian jurisdiction. Such stopgap measures as the erection 
of small-to-medium sized generating stations fall short of the ideal because 
they preclude the attainment of a price for electricity which is really attractive 
to industry. Yet, lacking immediately contractable demands, a relatively 
small provincial corporation like the New Brunswick Power Commission 
has difficulty in raising the funds necessary to finance a series of projects 
which, though beyond the province’s present means, could eventually achieve 
economies of scale more consistent with a high level-of consumption. 


In the interior of B.C. the problem is, if anything, more complicated. 
Potentially the demand for power is there. Yet, unless it be for the manu- 
facture of some such energy intensive product as uranium-235, contracts 
adequate for the financing of large, single stage developments are unlikely to 
be forthcoming. This is a major obstacle not only on the Columbia, but also 
on the Fraser and other rivers flowing into the Pacific. Local residential, 
commercial and manufacturing needs, though rising, are inadequate for this 
purpose. Hence, it would appear that export contracts, envisaging a pro- 
gressive repatriation of Canadian-produced electricity, have merit—at least 
from a fund raising point of view. 


Any corporation, commission or association, no less than 90% of the capital stock 
of which is vested in Her Majesty, in the right of Canada or a province or munici- 
pality in Canada, is not required to pay income tax under Canadian Federal Law. 
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That the political and economic impediments to such schemes are numer- 
ous cannot be denied. Federal licences for the export of electricity from 
Canada are granted for a period of only a year at a time. As long as this 
practice continues it is well nigh impossible to raise capital for investments 
in the several hundred million dollar category. Then there is the matter 
of advantage. Rates are usually regulated by public bodies. The price paid 
for electricity is often related to its cost of production. Americans, under- 
standably enough, will strive through the medium of their respective federal 
and state authorities to obtain Canadian produced electricity at prices not too 
far above its cost of generation. Canadians, on the other hand, will be out to 
obtain all the traffic will bear. Agreement as to basic principles will help. 
But there will still be room for considerable argument, project by project 
and varying as to the type of ownership and methods of accounting involved. 
Divergencies of interest, regionally and nationally, can therefore be expected 
to hinder, if not postpone indefinitely, desirable settlements of this kind. 


A few institutional aspects are worthy of mention. Electric power utilities 
in the United States—and this applies to private as well as public financing 
—have usually been able to obtain their funds more cheaply than those in 
Canada. Government money has been made available at exceptionally low 
interest rates (i.e., 2% or 2.5% on TVA type projects). Federal assistance 
has also been extended in other forms. Dams, for example, have been 
partly written off against irrigation, flood control and navigation. Locally 
owned utilities have been encouraged to work together as “public utility 
district commissions” in order to secure income tax free treatment of their 
bonds. These features have all helped to minimize the price paid for 
electricity. They help to explain why power is still being sold in the Pacific 
Northwest for as little as 2 mills per k.w.h. Also, having become established, 
they will continue to make many types of power projects more readily 
financible in the United States.?1 


*See Report to Congress Water Resources and Power, Vol. Il, by the Commission on 
Organization of the Executive Branch of the Government (Hoover Commission), 
Washington, June, 1955. Included is a table—A-8, entitled “Federal Power Gen- 
eration, Sales and Revenue for Fiscal 1953, by Project and by Marketing Agency” 
which shows that, as a result of low interest and tax rates, public power from the 
Columbia River system was sold at 2.39 mills per k.w.h. in 1953. The revenue per 
kilowatt-hour received by the Tennessee Valley Authority was 4.43 mills. The average 
for all federal agencies in the United States in that year was 3.48 mills per k.w.h. 

Table A-16 in the same report, entitled Components of Fixed Cost Percentages— 
Federal and Private Plants, shows the rate of interest (or return) on federal power 
plants to.be 2.5%, amortization, replacements and distribution to be 1.3%, insurance 
0.1% and taxes 0.5%. In 1953 privately owned plants paid a good deal more. Their 
- average rate of return was 5.5%, amortization, etc. 0.6%, insurance 0.1% and 
taxes 4.5%. 

It is also apparent from this that the principal differences between the cost compon- 
ents of United States federal and private power rates is in the provisions for taxes 
and the cost of money. 
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It is believed that some of these concessions could apply to the financing 
by United States corporations of upstream storage and other riverflow 
benefit ventures in Canada. In some circumstances the Canadian utilities 
would find it difficult, when it comes to money-costs and taxes, to compete 
with their opposite numbers in the United States. Backed by legislation aimed 
at promoting the generation of hydro-electric and other power resources, 
American companies, both public and private, may therefore be in a better 
financial position to develop Canadian resources in Canada than the Canadian 
companies themselves. 


Meanwhile, as electricity becomes more transportable, the economic 
incentive to develop whole river basins will grow. In order to realize their 
full potential, stream diversions from watershed to watershed must also 
be considered. Whole drainage systems must be seen, not singly, but in 
their appropriate relationship one to the other. Physical features, good 
and bad, must be reconciled with the practical aspects of system operation 
and the contracting of an immediately foreseeable demand. The advantages 
of obtaining additional revenue from interprovincial or international ex- 
changes of power must be weighed against the institutional and political 
difficulties which may later be encountered in its repatriation. Meanwhile, 
lack of information may well postpone and, in cases of undue haste, even 
prevent optimum development. A great deal more effort therefore needs 
to be expended on the gathering of physical data, on operational planning 
for the maximum development of Canadian river systems, and on establi- 
shing an institutional framework more amenable to international co-operation 
in this field before conditions suitable to financing of many of Canada’s 
remaining water power projects can be taken for granted. 


Appendix A 


Hydro Power Developments and Possibilities in Other Countries 


While a map of the world’s water power resources will show that they 
are fairly widely distributed, they tend to be concentrated in central Africa, 
central Asia, Europe, the Canadian Shield and the mountainous country 
of North and South America. 


Tropical Africa is well out in the lead. It is there, surveys show, that 
something approaching half of the world’s resources are to be found. Today, 
the potential of this vast region is estimated to be over three times that 
which may ultimately be developed in all North America, and seven times 
that available in Canada—itself a most fortunate country insofar as exploit- 
able water power sites are concerned. 


There is, of course, a good explanation for Africa’s prominent position. 
In that vast and relatively unknown continent, much of the interior consists 


THE ELECTRIC POWER INDUSTRY 


of elevated tableland and many of the larger rivers like the Niger, Nile, 
Congo and Zambezi, rise and reach considerable proportions in high plateau 
country before they drop down over cataracts like Victoria and Stanley to 
the sea. Sites of this kind and others in lesser known places like Madagascar 
and Ethiopia still remain virtually untouched, their remoteness from the 
world’s principal and industrial centres and the backward state of people 


in these areas presenting the principal stumbling-block to their early exploi- 
tation. 


Next to Africa comes Asia. That continent has resources which are 
believed to account for around one-quarter of the world total. Many are 
to be found scattered along rivers flowing northward through Siberia and 
Eastern Russia to the Arctic Ocean, and others occur on those running 
down the southern slopes of the Himalayas into India and Pakistan. In 
China, as well, enormous water power may eventually be harnessed on the 
rivers and streams rising in and around Tibet and coursing down into the 
thickly populated plains which characterize much of that country. 


In Asia, some progress has been made towards putting those vast hydrau- 
lic resources to work. But, although this potential amounts to that of North 
and South America taken together, very little of this power as yet has been 
developed. Indeed, industrial Japan and nearby Korea, whose combined 
resources are relatively small, still account for most of Asia’s installed 
capacity. 


The continents of Europe and North and South America are roughly on 
a par as far as hydro-electric power potential is concerned. 


In Europe, the principal hydraulic resources are to be found in the 
Scandinavian countries and along the rivers and streams descending from 
the Alps and Northern Appenines into the North Sea and the Mediterranean. 
Much of this capacity has already been developed, particularly in countries 
like Norway, Sweden, Switzerland, France and Italy where native coal 
deposits are lacking, and where the production of electricity by thermal 
means is relatively expensive. The Iron Curtain countries generally speaking, 
are a case apart. For there, as with the mineral fuels, the untapped reserves 
of water power are enormous. Some developments like that on the Dneiper 
are of long standing, but, despite the developments on the upper Volga, 
those around Leningrad and those based on the swift mountain streams of 
Trans-Caucasia, much of European Russia’s potential still remains to be 
harnessed. 


South .of the Panama Canal, the most promising water power sites are 
located on the humid eastern slopes of the Andes all the way from North- 
ern Venezuela to Bolivia and Peru, as well as along the east coast of Brazil 
where many of the larger rivers either drop or can be diverted thousands 
of feet down into the South Atlantic. So far, advantage has been taken 
of only a few of these possibilities, and South America’s main hydro-electric 
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power utilities are still to be found close by major cities like Sao Paolo and 
Rio de Janeiro.” 


As for North America, Canada’s hydraulic potential has already been 
discussed in considerable detail. While the bulk of America’s potential 
waterpowers are to be found in the Western Cordilleras, the greatest pro- 
gress in harnessing this energy has been made east of the Mississippi. In- 
deed, with the exception of the undeveloped resources at Niagara, on the 
lower St. Lawrence and in the State of Maine, little remains to be done 
to put runaway water to work in the older and more settled areas of the 
United States. Power from most of the rivers and streams rising in the 
Appalachians has already been absorbed in meeting the needs of industry on 
the Atlantic coast, and with the completion of the much publicized TVA 
project on the Tennessee River, little is left to be done in so far as taking 
advantage of the waters flowing westward through the southern states is 
concerned. Because the eastern reserves have been so largely developed, 
and because the United States lacks topographic and rainfall conditions 
comparable to the Canadian Shield, most of that country’s future develop- 
ments will be made within a few hundred miles of the west coast. It is in 
that general region, watered as it is by the heavy rains and deep winter 
snows which characterize the western slopes of the Cascades and Sierra 
Nevada, and lacking adequate supplies of indigenous mineral fuels, that most 
of the future hydro-electric developments in the United States are likely 
to take place. 


As already indicated, the generation and distribution of hydro power 
bears little relation to potential capacity. Usually, the production of elec- 
tricity by hydraulic, as well as thermal means, is symptomatic of an ad- 
vanced stage of industrialization. It is, therefore, confined mainly to 
North America, Western Europe and Russia. Even today there are only 
some 15 countries with more than one million horsepower of installed water 
power capacity. 


The United States is far out in front, accounting for over one-quarter of 
the total. Canada? is next in line with around 10%, followed closely by 
Japan. Other countries with production of considerable importance in the 
world’s picture include Italy, France, Norway, Sweden and Switzerland. 


The following table illustrates the relative importance of the hydro-electric 
power potential which is known to exist in various countries of the’ world. 


“Incidentally, in making these installations and in operating these plants, Canadian 
capital and engineering know-how have played an important role. 

Canada, with just about 1/3 of the population of the United Kingdom, produces 
about the same amount of electricity. Over the past 30 years output in the two 
countries has been pushed ahead more or less in step, one depending mainly on 
hydraulic sources and the other almost entirely on thermal stations. 
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Undeveloped Hydro-Electric Power of the World, 1952 


(ordinary minimum flow — millions of h.p.) 


North America 90.5 
United States 36.2 
Canada 36.6 
Mexico 8.5 
Other 9.2 

South America 62.0 
Brazil 20.0 
Chile deo 
Peru 6.4 
Argentina 5.4 
Colombia 5.4 
Other 17.8 

Europe* 63.7 
U.S.5uR. 14.0 
Norway 10.0 
France 6.0 
Italy 6.0 
Other Dilla 

Africa 249.8 
Belgian Congo 130.0 
Belgium Mandate rf 


French Equatorial 


Africa 40.0 
Nigeria and Br. Mandate 
in Cameroons 13.0 
Madagascar 7.0 
French Cameroons 7.0 
Angola ay) 
Ethiopia 5.7 
Liberia pay 
Mozambique 5.0 
Other 30.7 


*Europe—Several nations such as Switzerland 


measure of hydro-electric potential. 
Source: U.S. Geological Survey, 1952. 


Asia 
U.S.S:R. 
India 
Chinese Republic 
Japan 
Pakistan 
French Indo-China 
Siam and Malay States 
Burma 


Other 


Oceania 
Borneo, New Guinea 
and Papua 
New Zealand 
Other 


World total 


are unlisted here only because the 
table is based on minimum flow. Due to irregularity of flow the six-months figure is 
higher than in many of those countries shown, and is probably a more significant 
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Some further indication of the extent to which the water power resources 
of these and other countries have been utilized is shown in the following 
table: 


Installed and Undeveloped Capacity of 
the Chief Hydro-Electric Producing 
Nations, 1952 


(capacity in millions of h.p.) 


Installed Remaining Ratio of 
Country capacity undeveloped* installed to total 
United States 310 36.2 46 
Canada 14.3 36.6 28 
Japan 10.0 1220 45 
Italy 9.5 6.0 61 
France 8.0 6.0 Sy) 
Norway 4.7 10.0 32 
Sweden oe 4.0 57 
Switzerland 4.3 3.0 a), 
Germany 4.0 2.0 67 
Austria Das 2.6 49 
Spain 2.7 D0) 43 
U.S.S.R. in Europe Be 14.0 19 
Korea 1.8 a0 57 
Brazil 2.4 20.0 Ll 


“Based on ordinary minimum flow. 
Source: U.S. Geological Survey, 1952. 


This is the situation at the present time. Yet the electric power industry 
is also a dynamic one. Over the next few years, the construction of new 
plants in many parts of the world will change the present ratios consider- 
ably. There are, in addition to the extensive programmes which have already 
been announced in Canada and the United States, others of considerable 
magnitude, particularly in Eastern Europe and Asia. Soviet Russia, for 
instance, claims that two new developments on the Volga will soon be 
numbered as the largest in the world. Others of note are taking shape 
elsewhere, notably in Brazil, Argentina, and in Mexico on the Rio Grande. 

What will the harnessing of these foreign water power resources mean 
to Canada? In answering this question one must necessarily assume that 
projects of the type which are still being advanced for the Canadian east 
and west coasts will prove to be economic in other undeveloped areas of the 
world as well. In West Africa, aluminum production may provide the 
necessary stimulus. Despite its vulnerability in time of war, light metal 
refining based on water power could commence in the East Indies. The 
processing of Rhodesian copper by electrolytic means may soon be expanded. 
Other non-ferrous metals may eventually be recovered in similar fashion in 
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South America. Should satisfactory methods for treating Gopicl hardwoods 
be devised, pulp and paper production may also set the stage for more water 
power projects. In all these cases abundant supplies of low-cost raw mater- 
lals, together with cheap water transportation, will probably provide the 
main incentive to development. Such decisions, as and when they are taken, 
are bound to affect the world’s trade in those semi-processed materials which 
are rightfully regarded as staple commodities in the Canadian economy. 


Appendix B 


Note on the Importance of Power Costs 


The price at which electricity is made available is only one of the condi- 
tions influencing the siting of new plants. Electric power must be available 
yet its cost is rarely the dominant factor affecting such decisions. Adequacy 


and continuity of supply, in other words, are essential to industrial develop- 
ment; price much less so. 


Underlying this is the fact that electricity is a relatively small item of 
cost in the budgets of many manufacturing concerns. The accompanying 
Statistics illustrate such variations as have been characteristic of recent 
(1950-54) Canadian experience. 


Outlays on Electricity as a Percentage of: 


Expenditures Purchases Salaries Net Gross 

on fuel and of all and value value 
Industry power materials wages of of 
(exc. fuel production _ pro- 

and power) duction 
Primary manufacturing* 41.0 22 14.3 4.9 1.8 
Secondary manufacturing 27.7 0.8 | 0.9 0.4 
All manufacturing 34.9 ia) 39 tps? 0.8 


“Including primary food processing. 


Furthermore, outlays on electricity have been declining relative to other 
costs. This has been true not only as to the purchases of all materials, and 
the payment of salaries and wages, but also as compared to the amount 
paid for other forms of energy. A summary of statistics by five-year inter- 
vals since 1925 shows this to be characteristic of the period from 1930 
onward. 


Outlays on Electricity as a Percentage of 
Total Expenditures on Energy 


Industry 1925-29 1930-34 1935-39 1940-44 1945-49 1950-54 
Primary manufacturing 36 a7 54 48 42 41 
Secondary manufacturing 3p) 36 38 31 2H 28 


All manufacturing 35 47 48 41 35 333) 
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One thing stands out—the remarkably high ratio of electricity to total 
energy purchases. Though falling, the former still accounts for one-third 
or more of all the fuel and power bought by Canadian manufacturing 
concerns. 


In view of Canada’s extensive low-cost electricity resources, a com- 
modity by commodity measure of energy as an item of cost is informative. 
The following tabulation, the contents of which have been obtained from 
various sources, shows that industries producing titanium, aluminum, silicon, 
and magnesium tend to be more power-oriented; those processing zinc, 
electro-furnace pig iron, and most electro-chemicals less so. While such 
possibilities as the separation of U-235 from natural uranium have been 


Power Requirements for Selected Electro-Process Industries 


Approx. k.w.h. per 


Product short ton of prod. 
Titanium metal 45,000 
Aluminum metal 19,000 
95% silicon metal 17,500 
Electrolytic magnesium 16,000 
35% hydrogen peroxide 16,000 
Sodium metal 15,000 
Phosphorus (elemental) 12,000 
Electrolytic manganese 10,200 
Heavy water 10,000 
Carborundium (artificial) 9,100 
Calcium cyanamide 9,100 
Sodium chlorate 5,200 
Rayon 5,200 
Phosphoric acid 3,900 
Electrolytic zinc 3,400 
Fused alumina 3,100 
Chlorine 3,000 
Graphite 3,000 
Calcium carbide 3,000 
Electro furnace pig iron 2,400-3,000 

Ferro-Alloys 


Ferro-chrome (70% ) 4,000/6,000 
Ferro-manganese (80% ) 6,000/7,000 
Ferro-molybdenum (50% ) 6,000/8,000 
Ferro-silicon (50% ) 4,000/7,000 
Ferro-tungsten (70% ) 3,000/4,000 
Ferro-vanadium 4,000/7,000 
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left out of account, this listing is also indicative of the type of export activity 
which may eventually locate in such surplus hydro producing areas as the 
north shore of the Gulf of St. Lawrence, the interior of British Columbia 
or northward along Canada’s west coast. 


Appendix C 
Table 14 
DELIVERED POWER COSTS BY REGION, CANADA — 1953 
(cents per k.w.h.) 
Canada Nfld.  P.E.1. N.S. N.B. Que. 
Domestic service Million k.w.h. 9,878 Wf 13} DD, 136 1,955 
$ Million 168.3 1.8 0.7 6.4 BS) 34.7 
Gualekewehen #1e7.0) 2.50 5.38 2.88 4.04 ie 
Commercial light Million k.w.h. 3,881 23 11 90 65 982 
$ Million 80.7 0.7 0.5 Bes Mell 18.9 
¢ 1kw.h. 2.08 3.04 4.55 3.67 3.23 192, 
Small power Million k.w.h. 900 11 1 41 39 177 
$ Million 19.9 0.4 0.02 ileat sel 3.8 
Gaal Skewes ae 2e 2 3.64 352 2.68 2.82 Popa es 
Large power Million k.w.h. 38,328 104 ul 540 421 22,883 
$ Million 201.5 ileal 0.2 6.5 3.1 89.9 
¢ 1kw.h. 0.48 1.06 2.58 1.20 0.74 0.39 
Municipal power Million k.w.h. 815 1 1 4 4 202 
$ Million 5.9 .004 0.02 0.1 0.1 1e2 
Gh leks wales Oe 2, 0.44 BaF, 1.44 DRS 0.59 
Street Lighting Million k.w.h. 380 4 1 9 9 78 
$ Million 8.9 0.1 0.03 0.3 0.3 1.8 
@ slisiewela 62-34. 2.36 3.99 3.33 3333 Dei 
Commercial Million k.w.h.. 33,801 248 0.4 328 403 25,134 
stations-Hydro $ Million 173.5 3.8 0.03 7.0 2.0 95.3 
Calnkew. hee OLE 153 8.78 Dale 0.50 0.38 
-Fuel Million k.w.h. 610 — 31 283 14 13 
$ Million IS) — 1.2 4.0 0.2 0.5 
Gulinke whee 2.05) — 3.87 1.41 1.23 3.85 
Municipal stations Million k.w.h. 27,268 — — 415 102 8,647 
-Hydro $ Million 211.2 — — 4.1 17) 51.9 
@ IU Kexydil S96 — — 0.99 1.67 0.60 
-Fuel Million k.w.h. 1,177 3 8 — 225 0.3 
$ Million 26.5 0.1 0.3 — 6.1 0.02 
iM ISAM AOL, 220225) 4.41 2) — ag 8.00 
Cents per kwh. consumed 0.74 Lae, 3.94 7S 1.60 0.45 


(continued on next page) 
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Domestic service 


Commercial light 


Small power 


Large power 


Municipal power 


Street lighting 


Commercial 


stations-Hydro 


-Fuel 


Municipal 


stations-Hydro 


-Fuel 


Delivered Power Costs by Region, Canada—1953 (cont’d.) 


Million k.w.h. 
$ Million 


¢ 1 k.w.h. 


Million k.w.h. 
$ Million 


¢ 1 k.w.h. 


Million k.w.h. 
$ Million 


¢ 1 k.w.h. 
Million k.w.h. 


$ Million 


¢ 1 k.w.h. 
Million k.w.h. 


$ Million 


¢ 1 k.w.h. 
Million k.w.h. 


$ Million 


¢ 1 k.w.h. 
Million k.w.h. 


$ Million 


¢@ 1 k.wih. 
Million k.w.h. 


$ Million 


¢ 1 k.w.h. 
Million k.w.h. 


$ Million 


¢ 1 k.w.h. 
Million k.w.h. 


$ Million 


@ ih iano. 


Cents per k.w.h. consumed 


Ont. 
5,166 
70.8 
37) 
1,803 
28.4 
LESS 
sy 7/ 
6.6 
2.02 
10,800 
ell 
0.67 
438 
3.8 
0.87 
181 
4.1 
DP 
1,789 
Wail 
0.43 
11 
0.4 
3.64 
16,465 
139.5 
0.85 
2D 

0.1 
SAAT) 
0.78 


Man. 


899 
ed 
1.23 

230 

4.3 
1.87 
87 
0.9 
1.03 
1,576 
6.4 
0.41 
124 
0.2 
0.15 
29 


Sask. 


22 
8.0 
sey 
106 
4.4 
4.15 
51 
Lhe) 
2.94 
123 
33 
2.68 
11 


Alta. 


282 
8.2 
2.91 
167 
6.2 
371 
90 
2.6 
2.89 
590 
6.0 
1.02 
20 
0.3 
1.50 
18 
0.5 
2.78 
797 
10.2 
1.28 
141 
4.1 
291 


Yukon and 
B.G ON Wee 
902 4 
20.8 0.2 
23\\I 6.05 
400 4 
11.6 0.2 
2.90 6.21 

1S 1 
1.9 0.1 
2S bya 
1,218 66 
. 11.4 0.9 
0.94 1.36 
5 5 

0.1 .003 
1.19 0.06 
38 0.2 
0.8 .009 
Deton 4.55 
2,631 35 
36.4 0.3 
1.38 0.86 
21 i 
0.3 0.1 
1.43 16.32 
720 50 
7.6 0.9 
1.06 1.80 
9 = 

0.5 — 
SME — 
137, 1.69 
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Section I: General Considerations 
Introduction 


Canada is well endowed with resources for the production of electricity. 
Many of the nation’s water power sites, besides being conveniently located, 
have proved relatively inexpensive to develop. These, together with an 
abundance of strip mined coal in certain areas and the discovery, more 
recently, of large reserves of petroleum and natural gas in others, have 
been responsible for the relatively low cost of electrical energy in this 
country. 


From now on, however, these advantages may be less marked. Large 
water power developments on or close to tidewater will, no doubt, continue to 
attract large electro-processing industries to some of the comparatively 
unknown or less well developed areas of the country. But in so far as Can- 
ada’s principal centres of population and industry are concerned, power costs 
are expected to follow an upward trend. This is something which may 
happen despite significant improvements in long distance transmission and 
further advances in the design and operating efficiencies of central electric 
stations burning conventional fuels. 


The advent of nuclear energy, therefore, has important implications. 
The least it will do is to set a ceiling on power costs in the less fortunate 
areas of the country. Because of its levelling influence, it should also reduce 
the wide discrepancies in the price of electricity which now exist between 
one Canadian power consuming region and another. 


The principal role is expected to be played by medium to large (100,000 
kilowatt and over) base load type nuclear plants. Others ranging all the 
way down to stations with a rating of several thousand kilowatts may also 
perform a useful function. However, their contribution, in terms of total 
energy, will be modest by comparison. Our first concern, therefore, is with 
the economics of the larger nuclear power generating capabilities. 
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Power Cost Expectations 


Let us, at the outset, confine our attention to costs. Let us review, in 
summary fashion, the cost expectations of those most closely associated 
with the development of nuclear energy. Also, by setting these down along- 
side similar data relating to more conventional means of generating electric- 
ity, let us determine when and to what extent atomic energy will be used 
to supplement our better known resources for the generation of electric 
power. 


What do we already know about these costs and what can be surmised? 
Since actual experience is lacking, we must see how far the available facts 
and our reasoning can take us. 


Summarily, the case can be stated in this way. Nuclear fission promises 
to provide us with an entirely new fuel or source of. heat. Its main and 
perhaps its only saving may, therefore, be in the region of what are commonly 
referred to as fuel costs. Offsetting this—and the real question is, “By how 
much?”—are the heavy capital charges which are characteristic of far reach- 
ing developments of this kind. The first costs of a nuclear power plant must 
obviously include all of the land, buildings, machinery and equipment needed 
for converting steam into electricity—factors which are common to convent- 
ional steam plants. But, on top of those charges, one must add the expenses 
associated with the construction of the reactor, its fuel processing plant 
(possibly at another site) and the inventory of special materials which are 
also part and parcel of the reactor’s operations. 


The most attractive feature of nuclear power is, as we have already 
noted, low fuel costs. Indeed, they may be such as to make the economics 
of future atomic energy plants resemble more closely those of our existing 
hydro-electric installations rather than those of steam plants based on coal 
or petroleum. This is borne out by the accompanying table which illus- 
trates the relative importance of variable and fixed costs in these different 
types of stations: 


ercentage of total generating costs* 
$ g g 


Cost category Coal, oil, or gas Hydro-electric Nuclear power 
fired steam station station station 
Variable charges? 50 ps) 10 - 30 
Fixed charges* 50 85 70 - 90 
Total 100 100 — 100 


*For stations of 100,000 k.w. capacity, operating at 80% plant factor. 

»Production expenses, including fuel, labour, supervision, maintenance, engineering and 
miscellaneous supplies. 

‘Annual and period charges including interest, depreciation, insurance, taxes, rentals 
and dividends. 
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Under the heading of variable charges, the cost of labour, supervision, 
maintenance, and miscellaneous supplies for an atomic-electric station are 
—in the long run—likely to be comparable with those of our existing 
steam plants. Expenditures on fuel, on the other hand, may vary con- 
siderably. They will depend upon price of natural uranium, the degree of 
burn-up achieved by the reactors, the extent to which the partially spent 


fuel can be recycled and the efficiency with which thermal can be converted 
to electrical energy. 


Fuel make-up costs are likely to be highest (say 25% or more of the 
total price of electricity) in the nuclear power station burning natural uran- 
jum in a manner which might be classed as a single pass operation with no 
recycling, these are also total fuel costs. Under such circumstances, exper- 
ience suggests that up to 1% of the raw fuel would actually be consumed. 
The remaining material (including a certain amount of U-235 and by-product 
plutonium) would, for the time being, be rejected, along with the radio- 
active ashes generated when the fuel was undergoing fission in the reactor. 


The raw material costs would be least (say 5% or less) in a breeder 
reactor, burning what would, in large part, be reworked material and receiv- 
ing only enough natural uranium (or thorium) to make up for the losses 
involved in chemical reprocessing. It is the cost of processing in this case 
which is expected to be the main determinent of economic feasibility. 


In actual practice, it may pay to choose a course somewhere between 
these two extremes. For instance, some fissile material might be recovered 
and reinserted into the reactor at a cost below that of natural uranium. 
Recycling will accordingly pay, up to a limit set by the over-all decline of 
the total fissile content of the circulating material. Thus, in a multi-pass 
type of operation, the real cost of fuel may be made to approximate the 
expense involved in reprocessing the fuel elements. Present indications are 
that this over-all fuel cost will be in the vicinity of one to two mills/k.w.h. 


Even though nuclear fission may, one day, eliminate two-thirds or more 
of the outlays involved in buying coal or oil, capital charges involved in 
building and equipping future nuclear power plants will still be relatively 
high. Experience is lacking but already it looks as if the fixed charges relating 
to nuclear power stations may be comparable with those presently associated 
with the production of electricity from water power (i.e. $200 to $300/k.w. 
of capacity). There is little likelihood that within the next 10 or 15 years 
such costs will be reduced to the figures normally associated with the con- 
struction and equipment of modern coal, oil, or gas fired thermal stations 
(i.e. $120 to $180/k.w. of capacity). 


Substantial savings will, no doubt, be made. The experience gained in 
building and operating each reactor will permit further economies in design. 
The use of little known construction materials may be minimized. The 
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reactor inventory or holdup of expensive fuel, moderating and cooling sub- 
stances can be cut down. The emergence of nuclear power as an industry 
in its own right will also demand the services of centrally located chemical 
plants. These could be used to meet the processing needs of a large number 
of separate power stations. Such happenings, coincident with a further 
decline in the unit price of most nuclear materials, will bring about a pro- 
gressive reduction in the fixed charges associated with this novel source of 
electrical energy. ‘ 


The initial capital outlay on plant, equipment and material inventories 
is one of our criteria. The rate at which they must be amortized is another. 
Both have to be taken into account when estimating the fixed charges which 
nuclear power will have to absorb. Because of a lack of experience, the first 
nuclear power plants will be assumed to have a relatively short life. In this 
respect, they will be at a disadvantage compared with hydro, which enjoys 
a background of long life experience with low maintenance rates. Also, until 
considerable experience has been gained, depreciation rates are likely to 
compare unfavourably with those employed in the conventional types of 
steam stations. In our studies, we have assumed that the reactor portions of 
Canada’s nuclear power plants built in the late 1960’s and early 1970’s will 
have to be written off in 20 years. Later, as their performance improves 
this period may be extended to 30 years—that is to say, to an accounting 
life similar to that of today’s coal, oil and natural gas fired stations. Because 
there will be a tendency to raise plant operating temperatures and pressures 
(and hence to run a greater risk of shut-downs), it is not thought that a 
50-year life expectation, as is common in the case of water power installat- 
ions, would ever be established. 


The necessity to provide for a rapid rate of obsolescence is an initial 
impediment but it is nothing new. Most revolutionary processes, particul- 
arly those of the chemical variety, have been under a similar handicap at the 
beginning. Yet, because they gave rise to exceptional and sometimes un- 
expected economies, they were not too long delayed in arriving on the 
commercial scene. 


One thing that will help more than anything else is for these plants to be 
run at or near capacity. Shutdowns will be expensive due to the preponder- 
ance of fixed charges. To be competitive with other sources of energy, our 
nuclear power plants will have to be developed to a high degree of reliabil- 
ity. Then, having demonstrated this! and having attained a level of costs 
somewhat better than the best alternative source of electricity, they can be 
devoted to meeting the continuous (as opposed to the fluctuating) demands 


1To demonstrate this conclusively one or more nuclear power plants would have to 
be operated, and operated successfully, for 25 or 30 years. Fortunately, extrapola- 
tions based on a decade or so of experience with many types of nuclear power 
reactors may be accepted as adequate evidence of reliability by some of the larger 
and more highly diversified power producing utilities. 
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CAPITAL COSTS — 1953 
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of a particular system. The performance of our nuclear power plants, in 
other words, will have to be judged in relation to that of the other base 
load capabilities which are also available to the power grid or industry in 
question. 


So far, we have been able to avoid relying on specific cost data. How- 
ever, forecasts are available which can be used to illustrate the different 
cost characteristics of conventional thermal, hydro-electric and nuclear base 
load type stations. (See also chart entitled Present Day Generating Costs in 
Conventional Fuel-Fired Generating Stations. ) 


(estimated cost in mills per k.w.h.*) 


Coal, oil Hydro- Nuclear 

or gas fired electric electric 

Station station station 

Production expenses” 
Fuel 1.03 - 4.17 0.00 - 0.00 0.50 - 1.50 
Station labour 0.11 - 0.48 0.04 -.0.20 0.15 - 0.50 
Maintenance 0.10 - 0.30 QO3 22022 0.20 - 0.45 
Supervision 0.02 - 0.08 0.01 - 0.10 0.05 - 0.15 
Misc. supplies etc. 0.02 - 0.14 0.02 - 0.10 0.10 - 0.30 
Total 15285 --so. 7 0.10 - 0.62 1.00 - 2.90 
Fixed charges‘ 

Interest* 0.69 - 1.03 0.86 - 2.28 1.14 - 2.86 
Depreciation® 0.43 - 0.72 0.31 - 0.84 1,00. 2550 
Taxes, insurance, etc.’ 0.51 - 0.78 OND S=70332 0.86 - 2.15 
Total? 16372 2.53 1.29 - 3.44 3.00 - 7.51 
Total cost ZO T70 1.39 - 4.06 4.00 -10.41 


“For a hypothetical 200,000 k.w. generating station operating at 80% plant factor. 
*Production expenses for conventional steam stations and for hydro-electric stations 
have been estimated from (a) data supplied by Canadian utilities and (b) the detailed 
accounts and published records of the U.S. Federal Power Commission. 

“For comparability, public financing has been assumed throughout. 

“Interest was assumed to be 4% per annum. 

“Depreciation was calculated on a “straight line” basis using 1.5% for hydro, 2.5% for 
coal, oil and gas fired stations and 3.5% for atomic electric stations. 

‘In the case of conventional and nuclear fuelled steam plants property taxes are com- 
puted at 2% and insurance at 1% of capital cost. For hydro they are respectively 
0.5% and 0.12%. An allowance for water rentals has also been made in the latter case. 
“Total capital costs in the case of the atomic power plant installations were assumed 
to vary from $200 to $500/installed k.w. For coal, etc. fired plants $120 to $180/k.w. 
and for hydro $150 to $400/installed k.w. 


‘ 


The preceding table is interesting for a variety of reasons. It shows us 
that we cannot afford to be arbitrary in our selection of the type of plant 
best suited to a given base load type service. Obviously, water power is 
to be preferred, when the capital expenditures associated with the develop- 
ment of a new hydro site can be kept below $400 per kilowatt of installed 
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capacity. This ceiling must, however, be revised—and revised downward— 
as the distance between the proposed hydro generating plant and the system’s 
principal load centre increases. | 


Transmission charges can be an offsetting factor of no mean significance. 
An allowance of one mill per kilowatt-hour for every 250 miles of main 
line transmission can be used as a rough rule of thumb in assessing the 
locational disadvantages which may be encountered in the case of more 
remote installations. 


Looking ahead, the at-site costs associated with the production of new 
water powers may be expected to remain relatively stable. Due to the in- 
creasing penalty of distance, manufactured construction material and plant 
equipment costs will be moving upward. This tendency could be counter- 
balanced by further improvements in the use of earth moving equipment, by 
fresh advances in tunnelling techniques and by the construction of storage 
reservoirs at strategic locations to firm up existing capacities. So we come 
back to the costly matter of transporting power. No doubt, great strides 
will be made in this direction as well. But it is difficult to believe that the 
economies of extra high voltage or direct current transmission will be such as 
to reduce the average delivered price of hydro-electric power. 


The economics of a conventional fuel burning steam station usually depend 
to a much greater extent upon variable expenses—costs which fluctuate more 
or less in line with level of power production. Where strip mined coal or 
natural gas are produced locally, outlays on fuel may be held to a minimum. 
They may be so low, in fact, as to preclude the use of any other source of 
electricity whatsoever. In other areas, fuel may be much more expensive. 
Adding in transportation charges, its laid down price may be increased two 
or three times. It is in instances such as this that the efficiency with which 
fuel can be burned is of the greatest importance. These may also be the 
circumstances in which nuclear power will be introduced with greatest 
advantage. 


Forecast figures pertaining to atomic energy are even more in the nature of 
estimates. They are not at all definitive and are listed merely to indicate a 
range of possibilities. The upper limit—that of 10 mills per kilowatt-hour— 
could, perhaps, be attained by large scale nuclear power plants built during 
the next four or five years using information already available. The much 

-lower figure of four mills per kilowatt-hour is more in the nature of a target. 
It indicates an objective; a level of costs possible of attainment only after 
years of development. Whether nuclear power can be driven down below 
seven mills seems unlikely to be demonstrated before 1965. 


We have indicated a probable range of costs. However, nuclear energy 
will not be competitive anywhere in Canada until its price has fallen below 
eight mills per kilowatt-hour. At seven mills, it might be able to compete 
with hydro or coal fired steam power. However, these demands would be 
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limited. But at six mills, the situation is different. The highly developed 
power consuming region of Southern Ontario where coal burning stations 
will soon be the only alternative can already absorb large blocks of power 
in this general cost range. 


The next question to ask ourselves is “When are we likely to get down to 
costs which are likely to prove interesting to producers in Canada?” Have 
we any evidence which would lead us to believe that plants capable of such 
a performance will be under construction within the next decade? Various 
engineering and economic studies under way in Canada, the United King- 
dom and the United States suggest that this is so. . 


The Time Element 


Doubtless, the cost of production will come down. It seems equally 
clear that each subsequent reduction will be more difficult to attain. With 
this in mind, those in North America, who have come to take an abundant 
supply of comparatively low-cost electrical energy for granted, would not 
be surprised if nuclear energy in a truly competitive sense were first to be 
generated elsewhere. 


Capital costs, it appears, will be the main determinent of economic 
feasibility. Various estimates relating to different reactor systems have been 
prepared. Based on preliminary design studies, they indicate outlays for 
the first generation of nuclear power plants ranging all the way from a low 
$200 to a high $400 per kilowatt of installed capacity. 


Such figures must, however, be treated with reserve. Rarely are they all- 
inclusive. Frequently, no provision has been made for the purchase of 
expensive fuels and moderating materials. Outlays such as those involved 
in the purchase of land for exclusion and other purposes are ignored. 
And, with one or two rare exceptions, no attempt has been made to 
appraise, even in a very general way, what, for want of a better term, 
might be classified as the costs associated with research and development. 
We are therefore forced, for want of more reliable data, to fall back upon 
Canadian information, the quality and composition of which we know 
better. 


In the case of the 20,000 kilowatt nuclear power demonstration reactor 
being built near Chalk River, expenditures on plant, equipment and material 
inventories promise to be in the order of $1,000 per kilowatt of capacity. 
Preliminary design studies relating to a 200,000 kilowatt installation indicate 
that substantial savings may result from the scaling up of heterogeneous 
rodded-type heavy water moderated reactors in Canada. $400 per installed 
kilowatt, even now, appears likely of achievement in or before 1965. By 
contrast, the present British Calder Hall type stations would cost a good 
deal more to construct in this country. Employing Canadian wage rates, the 
per kilowatt cost of such plants when completed in 1963 or 1964 might be 
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in the order of $600 per kilowatt. Their nearest U.S. counterpart, the Press- 
urized Water Reactor, might, by then, be built for some $400 per installed 
electrical kilowatt. 


With the second generation of power reactors, it may be possible to shave 
as much as 20% off the cost of building larger stations. A further reduction 
of, say, 10% might result from a third round of construction. Following 
some such sequence as this, we may eventually get down to something in 
the order of $200 per kilowatt—a level of investment at which electricity 
produced as a result of nuclear fission might prove to be really interesting. 


Each succeeding generation of nuclear power stations might take another 
five years to conceive, develop, construct and put into operation. (Mr. 
W. K. Davis, Director of Reactor Development with the United States 
Atomic Energy Commission, has suggested that a five-year to seven-year 
interval might be required to complete each new reactor based on the technol- 
ogy demonstrated by the previous one.) Even if their former lifetimes over- 
lap, we may have to wait at least ten, and perhaps 15, years before the 
economics of nuclear power are clearly demonstrated. 


Depending on the method of accounting used—either public or private— 
$200 per installed kilowatt of capacity is the equivalent, in terms of elec- 
trical output, of between two and four mills per kilowatt-hour. In the late 
1960’s the more conventional types of thermal plant burning coal, oil or 
natural gas, will still be cheaper to build. On a per kilowatt basis they may 
still cost anywhere from $110 to $150. Also, since the long-run reliability 
of our new nuclear power stations may still be open to question, the latter 
will have to show a decided advantage in some other direction. It is now 
expected that by 1965, or at the latest 1970, significant economies with 
regard to fuel consumption, labour and maintenance will have turned out 
to be sufficient to swing the balance in favour of nuclear power. 


Under the heading of fuel substantial savings may be made. Good reasons 
can be given for expecting that outlays on this account will amount to less 
than three mills per kilowatt-hour. One mill, in fact, appears to be possible 
within the next decade. Assuming a modest decline in raw fuel and fuel 
element fabricating costs and an extension of reactor exposures to the equiv- 


"For a detailed cost comparison between the first large-scale British and American 
nuclear power stations, see “Comparison of Calder Hall & PWR Reactor Types”: 
Report prepared for Division of Reactor Development, U.S. Atomic Energy Commiss- 
ion, by American Radiator and Standard Sanitary Corporation, Redwood City, Cali- 
fornia, March 1, 1957. According to this study, the Calder Hall reactor, if built in 
the U.K. and financed by the publicly owned U.K. Atomic Energy Commission, could 
produce electricity for a total cost of eight mills per k.w.h. The same installation built 
by North American labour and privately financed would produce electricity for approx- 
imately 18 mills per k.w.h. on this continent. The corresponding figures in the U.K. 
and in the U.S. for the U.S. designed Pressurized Water Reactor were given as 13 and 
20 mills per k.w.h. respectively. 
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alent of as much as 10,000 megawatt-days per ton of fission products, such 
figures may be achieved by what industry now commonly refers to as a one 
pass type of operation. 


In support of these conclusions, it is necessay to elaborate somewhat. Fuel 
costs, in a once-through reactor, depend on three factors: the extent to which 
the fuel can be exposed in the reactor; unit costs of the fuel elements entering 
the reactor; and the over-all thermal efficiency of the cycle in question. They 
have been named in this order for a reason. They indicate their order of 
merit in terms of affecting cost reductions for the future. Exposure time in 
the reactor, since it may be extended four- or five fold, is bound, in the long 
run, to be more effective than a halving in the price per pound of uranium 
fuel rods or an increase of as much as one-third in turbine efficiency. In other 
words, it is the first of the three—namely exposure time—which offers the 
greatest opportunity for savings. The price of manufactured uranium fuel 
is a poor second and thermal efficiency is third. 


Engineers confronted with the problem of designing and building a nuclear 
power plant which could operate reliably in, say, 1961 cannot assume average 
exposure times in excess of 3,000 megawatt-days per ton. They might use 
$30 a pound as the price of natural uranium in its fully fabricated rod form; 
$25 would be a minimum. To be safe, and at the same time avoid serious 
metallurgical problems, they would also be inclined to keep their operating 
temperatures and pressures down. This could mean an over-all thermal 
efficiency of less than 25%. Under these circumstances, fuel costs would 
work out at about four mills per kilowatt-hour. 


Were the engineers asked to deliver a reliable nuclear power plant after 
1965, the picture would be much improved. Average exposure times could, 
perhaps, be raised to 5,000 megawatt-days per ton; the price of fully fabri- 
cated fuel elements might have fallen to $20 a pound and, with a modest 
increase in operating temperatures and pressures, several percent in efficiency 
might be gained. Once these conditions have been achieved fuel costs could 
be down to two mills per kilowatt-hour. 


Looking on towards 1970, further improvements appear to be in prospect. 
Most nuclear scientists are now talking of exposures in the order of 10,000 
megawatt-days per ton of fission products. Even at 8,000 megawatt-days 
and leaving out of account any futher decline in element manufacturing costs 
or improvements in thermal efficiency, fuel costs could be down to one mill 
per kilowatt-hour. This, we should remind ourselves, may be the situation 
when natural uranium fuel elements, having been used once, would simply 
be set aside for others to process as and when the technology of a later day 
permits. 


The economics of regenerative systems, meanwhile, will depend much 
more on advances which still remain to be made in the direction of chemi- 
cal processing. A good deal of research and development work on a pilot 
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plant scale still has to be done before the problems associated with the 
segregation and recycling of nuclear fuels can be overcome. Uniform 
practices will have to be instituted. Also, a number of power stations of 
similar type and design will have to be in operation before economies of scale 
will be sufficient to ensure efficient processing rates. Then, and only then, 
is it likely that the over-all fuel costs inherent in the regenerative type systems 


will begin to approach the minimum figure, of one mill per kilowatt-hour 
mentioned previously. 


Finally, there is the related matter of “other” production expenses. These 
include outlays for station labour, maintenance, supervision and the pur- 
chase of miscellaneous supplies. It can be argued, using recent experience 
in conventional thermal plants as a guide, that these costs, even when 
taken altogether, are unlikely to exceed two mills per kilowatt-hour. With 
a few years of experience they may even be cut in half—that is, in the 
larger stations, down to around one mill per kilowatt-hour. 


Totalling up these expenses—fixed and variable—one arrives at a figure 
of between five and seven mills per kilowatt-hour; close, in other words, 
to the threshold which was mentioned previously as being relevant to the 
prospective power supply-demand situation in Canada in the late 1960’s or 


early 1970’s. (See also chart entitled Average Electric Power Generating 
Costs by Source, 1955-1980.) 


So far, in this report, no mention has been made of the economic feasi- 
bility of small or medium sized power reactors. Do they not offer inter- 
esting possibilities in areas where the price of electrical energy is several 
times that of the larger power stations which we have been discussing so 
far? In many places the cost of power from internal combustion engines 
(in the 3,000 to 5,000 kilowatt range) is upward of 15 mills per kilowatt- 
hour. In northern Canada, where the transportation of diesel oil accounts for 
an even larger proportion of total outlays, charges as high as 30 mills are 
being encountered. 


In order to compete in this price range, small nuclear stations must be 
manufactured for $600 per kilowatt or less. Figures in this order of magni- 
tude imply quantity production, and mass production is necessarily predicated 
upon a large volume of sales. 


Here, unfortunately, is where we begin to run into difficulties. The char- 
acteristics of the market for power have a great deal to do with its price. 
In order for our small nuclear power plants to show a competitive advantage 
over alternative sources, they must operate, all-out, for much of the time. 
Only these outlying communities built around extractive industries can 
provide this sort of load factor. Some of our mining areas may qualify. Yet, 
in their case, the need for low cost standby capacity and the problem assoc- 
iated with supplying specially trained personnel, will also have to be dealt 
with. 
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Time alone will tell whether the number of units required for this type 
of service will be sufficient for our engine manufacturers to get their per 
kilowatt cost down to the $600 level. Most production men think it would 
take them at least ten years to reach this objective. ; 
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Fewer disabilities cloud the prospects for reactors in the intermediate 
(i.e. 10,000 to 30,000 kilowatt) range. Though they may encounter many 
of the same difficulties as are experienced in the development of really large 
power installations, there is another and less exacting field of endeavour—the 
production of process steam. By lowering temperature and pressure require- 
ments and possibly dispensing with our power generating equipment alto- 
gether, reactor designs in this size range may be simplified to the point where 
their cost of producing heat may be competitive with that of boilers fired 
with coal or oil. 


In Canada, at least, such medium sized systems have possibilities. Their 
heat output would be about in line with the requirements of many of the 
nation’s pulp and paper mills. Meanwhile, their fixed, fuelling and other 
variable costs, taken together, may eventually be less than that based on 
imported coal when the latter has to be laid down in some of the more remote 
forest areas of the country. Other economies may also be found in their 
favour. Future mill locations, for example, could be chosen with greater 
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regard to the distribution of timber resources and water transportation and 
with less concern about the availability of suitable hydro power sites than 
has been our experience in the past. 


Nor are our Canadian conditions unique. Similar opportunities present 
themselves in Scandinavia and elsewhere. Ten or 15 years from now a goodly 
number of these comparatively low temperature, medium sized plants may, 
therefore, be required. Using heavy water as a moderator, single pass systems 
fuelled with natural metal could be used. Our metallurgical and chemical 
processing problems can also be kept to a minimum. All these are reasons 
why reactors of the type with which we are most familiar in Canada, and 
designed with a view to manufacturing process steam rather than electricity, 
may be among the first to be truly competitive with other sources of energy 
on this continent. 


Forecast of the Role of Nuclear Power 


The part played by nuclear energy in Canada depends, essentially, upon 
how long it takes the industry to progress downward from one cost level to 
the next. We already have some indications as to where we may be in the 
late 1960’s. Our progress from there on is even more a matter of conjec- 
ture. The first power reactor systems, while they may be the more reliable 
at the outset, do not necessarily offer the best long-term prospects for a 
reduction in power costs. Other and more complicated systems, each taking 
much longer to develop than the last, may ultimately win out in this respect. 


This being so, it is generally held that we can look forward to three 
time phases in the transition to nuclear power. During the first, or induc- 
tion phase, several large plants may be built, primarily for testing purposes. 
Government assistance will be required in the form of expenditures on 
research and development. The power industry and private equipment 
manufacturers, meanwhile, will be called upon to meet most of the capital 
and operating charges. 


During the second, or intermediate phase, the degree of confidence in 
the long-term advantages inherent in nuclear power will reach a point where 
private industry will be prepared to shoulder most if not all of the costs 
incurred by a programme of this kind. Then an increasing number of the 
new thermal plants under construction in Canada will be of the nuclear 
variety. This, according to our calculations, should begin to happen between 
1965 and 1975. Thereafter, we will be entering the third phase. Charac- 
terized by a high ratio of new nuclear to other thermal plant construction 
in the order of one to one, it would mark the beginning of an entirely new 
era—that of the emergence of atomic power as a major (if not the major) 
source of electricity in Canada. 


With many qualifications it has been concluded in Section II of this 
chapter that the long-term rate of growth in consumption of electrical 
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energy will decline. Perhaps it will fall from the current mid-term rate of 
8% to as little as 6% in the late 1970’s. Total power requirements, of 
course, will continue to mount. Annual installations in excess of two million 
kilowatts may therefore be required a quarter century from now. 


The query to which we can now usefully address ourselves is one of 
supply. Our regional cost studies indicate that hydro-electric power will 
remain the nation’s principal source of electrical energy. Even in 1980, 
it may add up to as much as two-thirds of the installed capacity in this 
country. Meanwhile, thermal generation will have become much more im- 
portant. It will rise from what were negligible proportions a few years ago 
to at least 30% of Canada’s total installed capacity 25 years from now. 
(See also chart entitled Production of Electricity by Source, Canada 1926- 
1980.) Listed in terms of millions of kilowatts and broken down by types, 
it might be expected to run somewhat as follows: 


(installed capacity in millions of kilowatts) 


Year Total Water power Conventional Nuclear 
thermal stations 
1955 dey 134 2.0 0) 
1965 28 22 5.8 02 
1980 76 49 2 6 


Behind these figures are of course two series of volume and capacity 
factor assumptions. Because of the high loading* of nuclear installations 
statistics showing quantities of electricity produced by major source reveal 
its expected contribution in an even better light. 


Quantity of Electricity Produced 


By Source 
(volume in billions of kilowatt-hours) 

Source 1955? 1965 1980 
Volume % Volume % Volume % 
Water power 77 96 132 85 301 70 
Conventional thermal 3 4 22 14.5 86 20 
Nuclear stations 0 0) 1 0.5 43 10 
Total 80 100 S55; 100 430 100 

“Preliminary 


Thus, the part played by nuclear energy, while modest in the years immed- 
iately ahead, may be considerable 25 years from now. Ten percent of all 
the electricity produced in Canada could well come from this source. Were 
it to become genuinely competitive several years earlier than envisaged in 


°The assumed national capacity factors employed in these calculations were: hydro, 
67%; conventional thermal, 45% and nuclear stations, 80%. 
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these calculations, nuclear stations could be supplying as much as 20% of all 
Canadian electric power production in 1980. Unforeseen developments 
enabling the capital cost of these plants to be reduced to, say, $150 per 
kilowatt would have even wider ramifications. By enabling nuclear stations 
to perform a peak as well as base load function, they could further reduce 
the need to conserve Canada’s water power resources or for utilities in this 
country to burn coal, oil or natural gas. 


Section II: Regional Possibilities and Prospects (with Particular Refer- 
ence to Nuclear Energy) 


Regionally there will be variations of course. In a number of areas 
nuclear power is unlikely to be economic for a long time to come. Either 
hydro or conventional steam power will remain relatively cheap or the 
market, itself, will be inadequate to support a sequence of plants each built on 
appropriate scale. Only where large integrated systems already exist, 
generating costs are rising or demand is such as to require large year-by-year 
additions to capacity, are nuclear power stations likely to be installed in 
any numbers. 


In order to assess this need it is necessary to make a number of estimates 
and assumptions. The demand for electricity must be forecast, utility area 
by utility area across the country. The amount and delivered cost of avail- 
able hydro and alternative steam power must be evaluated. Lastly, a reason- 
able target for nuclear stations must be chosen. In what follows our assumpt- 
ions have been to the effect that: 


(a)base load type nuclear power plants of 100,000 kilowatt capacity 
will be capable of producing electrical energy at an average price of 
around six mills per kilowatt-hour when operated 80% or more of 
the time; 


(b)medium size 10,000 to 30,000 kilowatt capacity plants will be able 
to generate electricity or equivalent amounts of process steam at a 
cost in the vicinity of 10 mills per k.w.h.; and 


(c)relatively small 2,000 to 3,000 kilowatt plants capable of producing 
electrical energy at around 20 mills per k.w.h. will have been develop- 
ed to the stage where they can be manufactured in appreciable 
nurnbers. 


Within this market information and having regard to the optimum size 
and cost of future nuclear power plants, we are now in a position to 
analyze more closely the relevance of nuclear power regionally across 
Canada. (See charts: Reserves and Consumption of Electric Power— 
Eastern Canada, 1955—-Western Canada, 1955.) 


THE PROMISE OF NUCLEAR POWER 


RESERVES AND CONSUMPTION OF ELECTRICAL POWER, WESTERN CANADA 1955 
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The first and most widely discussed is Southern Ontario. There, by the 
early 1960’s, the rising demand for electrical energy will have largely out- 
stripped the available hydro-electric resources of the province. More thermal 
power stations will have to be built in any case. The question then arises 
as to whether it will be more economic to supply the base load portion of 
these needs by building nuclear reactors, or by turning increasingly to the 
use of coal imported from the United States. 


The indigenous fuel resources of Ontario are limited. Natural gas, a 
premium fuel, is unlikely to be used extensively for power generating pur- 
poses. Other users will also pay more for residual oil. Hence oil in sufficient 
quantities is not likely to be available to Ontario Hydro. This leaves the 
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market to coal. Laid down at Toronto or Windsor for about $9 a short ton, 
it can be burned to produce electrical energy close by the region’s principal 
load centres for less than six mills per kilowatt-hour. This is the minimum 
target which our medium-large nuclear energy plants will have to achieve if 
they are to be truly competitive with other sources of power in central 
Canada. 


Competitive is hardly the right word. A coal-fired thermal plant, capable 
of operating as a base load facility in its early years, can later be relegated 
to an intermediate and, finally, to a peak shaving role. As it ages, it gives 
way to progressively more efficient and, presumably, more capital intensive 
coal-burning plants of like kind. In this way, a conventional coal-fired system 
is able to accommodate itself to continual improvements in equipment, 
operating techniques and fuel utilization efficiencies. 
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Nuclear power plants, on the other hand, enjoy no such advantage. Being 
expensive to construct and, at the same time, comparatively light on fuel, 
there is little to be gained by shutting them down. Their initial role, in other 
words, is their continuing role. As far as the power utilities are concerned, 
the expectation of substantial improvements in design (which would undoubt- 
edly lead to a further reduction in capital cost) could provide grounds for 
postponing their construction. Deterrents such as this, while they will fade 
into the background when the investments associated with the construction 
and equipment of nuclear power plants more nearly approximate those of 
conventional thermal stations, will tend to delay what might, otherwise, be 
a much more rapid upsurge in the production of nuclear power in this 
country. 


The next most plausible region for the application of nuclear power is 
the Maritimes. Except for a number of sites on the St. John River in New 
Brunswick, most of the water power resources of the Maritime provinces 
have already been harnessed. Resort will therefore have to be made, and 
made increasingly, to thermal power in order to meet the growing require- 
ments of electricity in this region of eastern Canada. 


Nuclear power stations offer possibilities, mostly on grounds of cost. 
Domestically produced coal is difficult to mine and expensive to haul to the 
principal centres of power consumption. The supply of residual oil from 
the local refineries is limited. Natural gas is out of the question and a suit- 
able method whereby local oil shales may be burned to produce power at 
competitive prices has yet to be developed. Leaving aside, for the moment, 
the possibility of using imported fuel oil, an average cost of around eight 
mills per kilowatt-hour is, perhaps, the best which can be expected, using 
fuels which are indigenous to this region. 


While cost considerations may eventually favour the establishment of a 
nuclear power source in the Maritimes, demand factors are not so encour- 
aging. Most of the present day markets are widely dispersed and existing 
utility systems, lacking useful interconnections, have accumulated a certain 
amount of plant which would be surplus to the needs of a more highly 
integrated Maritime power grid. Meanwhile, prospective increments in 
demand will remain small relative to those of southern Ontario. This, 
together with the highly variable and, hence, less favourable load character- 
istics of the individual utilities, tends to postpone the day when large-to- 
medium sized nuclear power plants will be chosen in preference to steam 
stations of the conventional type. 


Any plan leading to the rationalization of these various power systems 
could, however, change this picture considerably. The region’s power 
growth base might thereby be extended to cover most, if not all, consumers 
in Nova Scotia and New Brunswick. It could also take in northern Maine 
and neighbouring areas in Quebec as well. The annual increments in the 
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demand for firm power would then be more compatible with the capabili- 
ities of a large-to-medium size atomic energy station. The building of new 
coal fired steam plants could be postponed for a time. And the supply 
of electricity coming from New Brunswick’s remaining hydro resources could 
be used, as and when it became available, both for base load purposes 
during the months of greatest runoff and for peaking purposes during the 
remainder of the year. In this way, a fully integrated Maritime power grid 
might inherit the best of all possible worlds—water power, coal, and nuclear 
fuel fired stations all being used more or less concurrently in the servicing 
of the growing power demands of the region as a whole. 


The availability of cheap residual oil, shipped in by tanker, complicates 
this situation. During recent years, black oils produced in foreign refineries 
have been offered at prices substantially below that of the domestically 
mined coals. This, in the last analysis, is the sort of competition which our 
centrally located base load type nuclear power plant will have to meet. 
Seven mills per kilowatt-hour might be taken as a rough approximation of 
the cost of power produced at a number a seaboard locations using this 
imported fuel. At an equivalent price, nuclear energy is, no doubt, to be 
preferred. The landed price of residual oil fluctuates, more or less, in line 
with changing tanker freight rates. Nuclear energy, being less susceptible 
to dislocation in time of war or shortages of shipping, is therefore to be 
preferred on grounds of reliability. 


Next, let us turn to southern Manitoba. In the eastern Prairie region, 
consumption of electric power is increasing in a manner more compatible 
with the size and nature of the nuclear power plant which we have in mind. 
Yet competition will be keen. Extensive hydro-electric resources, amounting 
to several millions of kilowatts, remain to be harnessed in the northern and 
central sections of the province. Fuel, in the form either of natural gas 
or lignite coal, can also be delivered—and delivered at moderate cost—to 
steam stations close by the main load centres. The delivered price of base 
load power rather than long run supply limitations is therefore likely to be 
the principal determinent of feasibility in southern Manitoba. 


Events, in the form of a steady increase in demand, are likely to decide 
this issue within the next decade. Though several stations are already under 
construction, others will be required to effect a doubling in output by 1965. 
If fresh water powers are to be developed, this means going north. It means 
heavy initial investments in dams, storage facilities and long distance trans- 
mission lines. Once a heavy capital investment programme of this kind has 
been initiated, there will be little incentive to look back. Economies stemm- 
ing from the more intensive use of the earlier and, generally speaking, more 
expensive construction projects will render more attractive subsequent water 
power projects on the Saskatchewan and Nelson Rivers. Because of this and 
because of the increased use of storage for steam regulating purposes, a 
growing proportion of this power will be continuous in nature. In other 
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words, the early utilization of these hydro resources could postpone for 
many years the use of nuclear energy in the eastern Prairie region. 


The alternative, and this is perhaps only a matter of degree, is steam 
power. Using presently available fuels, a 100 thousand kilowatt steam 
station can now be built close to Brandon or Winnipeg to produce electricity 
for under six mills per kilowatt-hour. Later, as other capabilities become 
available, it could be used in supplementary fashion. It could be employed 
to firm up the water powers run in from the north. It could be used in 
conjunction with even more efficient steam plants built at progressively later 
dates. And, finally, it could be used for peaking purposes in conjunction 
with atomic energy. A nuclear power plant could do none of these things. 
Therefore, only under circumstances where atomic energy can be made 
available at five mills per kilowatt-hour or less, is there any likelihood of 
it playing a useful mid-term role in southern Manitoba. 


Having discussed the several utility areas in which nuclear power stations 
may be competitive, let us review, in summary fashion, the circumstances as 
we find them elsewhere in Canada. 


As far as British Columbia is concerned, water power should be the 
principal source of electricity for many years to come.‘ The harnessing of 
many suitable sites within the province, together with the possibility of 
substantial imports resulting from storage benefit settlements with pro- 
ducers downstream in the United States, points to a surplus of electrical 
energy lasting into the 1980’s or even longer. Power costs will also be low 
relative to those in other areas which we have discussed. In order to be 
considered at all, base load thermal power will have to be available at five 
mills per kilowatt-hour. These are the main reasons why the utilities in 
British Columbia are less likely than those elsewhere to derive real benefit 
from the development of atomic power. 


In the western and central Prairie regions, on the other hand, fuels are 
both plentiful and exceptionally cheap. Coal can be strip mined and con- 
verted into electricity for about four mills per kilowatt-hour. Even at that, 
natural gas is to be preferred in many places. Large steam stations of more or 
less conventional type, supplemented in western Alberta by water power and 
elsewhere by the use of natural gas burning gas turbines, are consequently 
expected to meet most, if not all, of the growth in the demand for electricity 
in Alberta and Saskatchewan. 


The situation in Quebec is, in some ways, analogous to that in British 
Columbia. Several exceptionally large power resources have yet to be devel- 
oped at moderate cost in the vicinity of Montreal itself. Other develop- 
ments, promising a laid down price of electricity in the vicinity of five mills 


‘The amount of hydro power (and certainly the timing of its availability) is, of course, 
contingent upon international developments with regard to storage and the solution 
of the fish problem as it affects power dams. 
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per kilowatt-hour, remain to be launched on a number of rivers flowing 
southward and eastward into the Gulf of St. Lawrence or north and west- 
ward into Hudson Bay. Indeed, it may be 20 or 30 years before these 
projects, together with the introduction in the intervening years of peaking 
plants burning coal or residual oil, have exhausted all of the advantages 
inherent in producing electricity by present day means. 


Elsewhere in Canada (and this includes the Yukon, the Northwest Ter- 
ritories, and Newfoundland), the utility systems are in their infancy. 
Either they rely on diesel engines as their prime movers or they purchase 
their supply of electrical energy from large wood or mineral processing 
industries whose activities are dependent, to a greater or lesser degree, 
on the availability of cheap hydro-electric power. Besides, their increments 
in consumption are small and load factor considerations, because of the 
tremendous variations in ordinary residential and commercial demands, 
tend to rule out the use of nuclear energy in their case. 


Having discussed the pros and cons of nuclear power—at least as they 
relate to the more highly developed power utility areas across Canada—let 
us now turn to particular industrial applications. Let us look more closely at 
the needs of those types of manufacturing activity which might, for want 
of a better term, be called resource-oriented. Their locational bias is towards 
a cheap source of energy, towards a ready supply of raw materials, or both. 
They include, by reason of similarity of techniques and the dependence upon 
a continuous supply of low-cost electricity, the processing of goods imported 
in their primary form. 


The first industrial application which comes to mind is aluminum. As 
anyone familiar with Canada’s economic development is aware, the elec- 
trolytic refining of this metal is already being carried out in this country 
on a considerable scale. Why is this? And why is further expansion in this 
direction deemed likely? Exceptionally cheap power close to tidewater is 
the answer. Low-priced electrical energy, together with the advantages of 
low-cost transportation to and from the refinery sites, has over the years 
been more than sufficient to offset the pull of the market when it came to 
selecting this industry’s locale. 


As long as water powers in excess of one millon kilowatts and capable 
of supplying electricity at three mills per kilowatt-hour or less remain to be 
developed in Canada, there is little chance of nuclear energy taking over 
this role. In time—and this may take several decades—the cost differential 
between that associated with the harnessing of these resources and that of 
treating the bauxite and refining the aluminum elsewhere, may be narrowed 
to the point of extinction. Then, in Canada’s case, the growth possibilities 
of the aluminum industry itself may disappear. Exceptionally cheap power, 
produced by nuclear means, at or close to the principal markets for aluminum 
products, may preclude a further increase in ingot production in this 
country. Bauxite mined and treated in the tropical areas of the world, 


THE PROMISE OF NUCLEAR POWER 


could then move, not to Canada, but to the eastern United States, the 
United Kingdom or Western Europe for further processing. One might 
even conclude that, if the scientist and the engineer are eventually success- 
ful in driving atomic power costs down to a figure of, say, four mills per 
kilowatt-hour, they would effectively, have put an end to what has, hereto- 
fore, been one of Canada’s great natural advantages—that is, the use of 
low-cost water power for the production of light metals. 


Much the same sort of thing may be said about the prospects for one or 
more custom smelters located either on Canada’s eastern or western coast. 
It certainly would not pay to bring raw materials from other countries to 
these areas for electro-processing unless favourable power costs were to 
dictate otherwise. 


\ 


Fortunately for Canada, certain of these electro-metallurgical and electro- 
chemical industries are resource-oriented for reasons other than a minimum 
cost of electricity. Mineral concentrates are often produced in large 
tonnages. Since their bulk may be reduced considerably by smelting and 
refining at or near the mines, it is sometimes preferable to develop power 
locally rather than to transport these concentrates to other centres which 
might enjoy a competitive advantage in so far as the cost of power itself 
was concerned. 


What applies to some does not necessarily hold for others. Extensive 
medium-to-low grade base metal deposits are at one extreme. Much is to 
be gained by their on-site processing. Transportation charges are thereby 
reduced to a minimum. Besides, other metal values and a number of chemi- 
cals can be sold as useful by-products to such an operation. Iron ore lies at 
the other. Because of the much greater efficiency of the blast furnace as 
opposed to electric smelting and due to the pull of the market where other 
ingredients including coking coal and steel scrap are readily available, there 
is little to be said for the conversion of iron ore into pig iron or steel at, or 
close to, the mines themselves. 


In between, we have a long list of minerals, deposits of many of which 
have already been discovered in this country. What are the prospects for 
their electro-processing in Canada? The noble metals, particularly copper, 
can be smelted without the use of electricity and shipped considerable 
distances in blister form. The steel-alloying elements like nickel, cobalt, 
and manganese, depending to some extent on the complexity and grade of 
the ore in question, can also be moved hundreds of miles, economically, 
in concentrate form. Even titanium can be reduced and exported as a 
titanium rich slag without making exceptionally heavy demands on power. 
It will only be in circumstances where the price of certain of the lesser 
known metals—and this applies with some force to titantum—has been 
reduced considerably and their sales have reached into tonnages commen- 
surate with aluminum, that processing aimed at producing the metals 


261 


262 


ROYAL COMMISSION ON CANADA’S ECONOMIC PROSPECTS 


themselves will reach a scale worthy of the installation of large electric 
power generating facilities. 


Should isolated industries of this kind develop in the northern or Cana- 
dian Shield country of Ontario, Quebec or Labrador, cheap hydro power 
will be available, and available in quantity. The same is true of refineries 
which may be constructed in the Western Cordillerian region of British 
Columbia and the Yukon. Should they spring up in northwestern Ontario or 
draw on mines in that portion of the Canadian Shield which also fringes on 
the great Prairie region of Canada, they will have natural gas to choose from. 
Chemical processing techniques, depending essentially on the metal content 
and complexity of the ores themselves, could eliminate the need for electro- 
lytic refining altogether. Indeed, if recent developments are any guide, there 
will be a strong tendency for a number of mineral concentrates (more partic- 
ularly those containing nickel and cobalt) to move to the gas fields for 
treatment. Nuclear energy for these purposes, therefore, find little application 
in what, until recently at least, have been the principal metal producing areas 
of Canada. 


Yet, there can be exceptions. The Maritime provinces, as we have noted 
previously, are handicapped by a lack of cheap electric power. Now that 
extensive base metal deposits have been discovered in the vicinity of 
Bathurst, the problems centring around their further processing are re- 
ceiving a good deal of attention. Will it, for instance, be cheaper, after 
mining and concentrating these ores, to ship them elsewhere for treatment? 
Or should certain of the bulkier products be treated electrolytically close 
to the mines themselves? 


The lower the cost of power, the more there is to be said for on-site 
processing. Yet charges as high as six mills per kilowatt-hour could, perhaps, 
be tolerated. This might be true in instances such as the refining of lead 
where the outlays for electricity are not a major determinant of the cost of 
the refined product itself. The manufacture of by-product chemicals is 
even less dependent on the price of electricity. Electricity in this cost range 
would not seriously inhibit its development. In fact, present indications 
are that operations along these lines may, collectively, require a block of 
firm power in excess of 100,000 kilowatts. A combined electro-metallurgical 
and electro-chemical centre, located in northern New Brunswick, may 
therefore offer what may well be one of the first opportunities for the nation’s 
newborn nuclear power industry to assist in the establishment of other and 
quite different types of economic activity in this country. 


Nothing has, as yet, been said about the tremendous amount of by-product 
heat which will be available from these future power plants. Could not 
this also be turned to some useful purpose? The obvious place to look 
is at those resource processing industries which are purchasers both of 
electric power and of fuel for the production of steam. Canada’s largest 
single industry—that of the manufacture of pulp and paper—immediately 
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comes to mind. The average Canadian paper mill (and there are over 120 
of them) requires 30,000 to 40,000 kilowatts of installed capacity. It 
operates at a high load factor. It may also consume, each year, as much 
as 100,000 tons of coal or coal equivalent fuels for use in the grinding, 
cooking and digestion of wood during the course of its conversion into 
pulp. In serving demands of this kind, the cost of nuclear power, in the 
form of electricity is, by no means, our only measuring rod. Some credit 
should also be allowed for the reactor’s output of sensible heat. The 
latter, in bonusing the whole operation, might conceivably permit the instal- 
lation of economic multi-purpose plants in what are today the relatively 
high-cost fuel areas of the country. 


Applications of this kind merit further study. This is particularly true of 
those, as yet, undeveloped forest regions of Canada where suitable wood and 
wood transporting facilities are available and where electric power might 
otherwise tend to be expensive or in short supply. New forest limits in 
Nova Scotia, New Brunswick, along the north shore of the Gulf of St. 
Lawrence and possibly in northern British Columbia might eventually be 
brought into production as a result of developments of this kind. 


So much for the regional application of medium-to-large sized nuclear 
power plants. What about the much smaller 2,000 to 3,000 kilowatt 
installations which were mentioned at the outset? Where may they fit in? 
Obviously, if they are to have any commercial applications, they must be 
built to serve much more modest demands. Even though their service may 
still be confined to that of a base load function, they will have to be used 
in lieu of diesel electric plants. Why? Because this is the scale of power 
production which, until now, has been best served by that highly versatile 
jack of all trades, the internal combustion engine. 


Present indications are that nuclear power cannot be produced in such 
small quantities for less than, say, 20 mills per kilowatt-hour. This, 
immediately, rules out many parts of Canada. It leaves out, as being too 
expensive, those locations where diesel fuel can be brought in at a cost of 
less than 20 cents a gallon. It also leaves out of account those types of 
activity which vary considerably, throughout the day and from month to 
month, in their demands for electric power. Essentially, the circumstances 
narrow down to the large mining communities which are developing in the 
far north. Their location in turn freed from the difficulties associated with 
overland transportation and great distances by a nuclear source of electricity 
and by-product heat, may thereby be allowed much greater scope as the 
years go by. 

In summary, and supported by an analysis of future demands, category 
by category, and area by area, our working data points to certain highly 
generalized conclusions, they are to the effect that: 


(a)fifty or more medium-to-large, 100,000 kilowatt nuclear power 
plants may be required in Canada by the late 1970's or early 1980's. 
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The majority of these will be located in Southern Ontario. Others 
may however, be needed in the Maritimes and possibly, southern 
Manitoba; 


(b)stations of an intermediate size may prove to be a useful source of 
energy in industries like the manufacture of pulp and paper where 
advantage can be taken of their capacity to produce by-product heat. 
Mill locations which could benefit from such a multi-purpose approach 
might eventually be found in the Maritimes, on the east and west 
coasts and possibly in some of the more northerly and remote parts 
of Saskatchewan, Manitoba, Ontario and Quebec; 


(c)the number of instances where 2,000 to 3,000 kilowatt nuclear power 
plants are required is liable to be much greater. Yet these smaller 
multi-purpose installations may make only modest contribution to the 
nation’s over-all energy requirements. Generally speaking they would 
be of use in Canada’s far north. 


I 


OTHER ENERGY SOURCES 


Section I: Fuelwood 


No study of energy in Canada would be complete without reference being 
made to the important role played by wood as a source of heat. As recently 
as 1940 more wood was used in this country as firewood than in the 
production of pulp and paper. Even today the number of cubic feet devoted 
to the purpose of supplying energy amounts to approximately 15% of the 
total volume of wood cut for all purposes. 


Most of this material is used for space heating. In some areas, however, 
it is employed extensively in the form of wood wastes for steam raising in 
industry.. From the limited information available, its appears that the total 
amount of energy obtained annually from the nation’s forests is about the 
same as that which could be obtained from three to four million short tons 
of bituminous coal. Though the total amount has been declining for many 
years, wood fuel in all forms still meets approximately 5% of the nation’s 
total energy requirements. 


Wood was the principal source of fuel and power energy in Canada up 
until the beginning of the present century. The following table indicates 
the dominant position which it occupied in the 1870’s and 1880's. Before 
the turn of the century it began to be displaced by the fossil fuels for 
industrial use and for space heating purposes in the principal cities and 
towns of central Canada. 


Wood, being available in many parts of Canada, played an indispensible 
role in the days of early settlement. Other energy sources were widely 
scattered. Their extensive utilization therefore had to await the development 
of adequate means of transportation. Fuelwood, by contrast, cannot be 
moved economically for more than a few hundred miles. Yet the fact that 
some 750 thousand Canadian households still rely primarily on wood as a 
source of comfort heat illustrates the continuing commercial worth of local 
supplies. In several provinces, notably Quebec and New Brunswick, fuel- 
wood is still a major source of energy. Statistics taken from the 1951 
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census indicate that, outside of Montreal, 60% of all the households in 
the Province of Quebec still depended upon fuelwood for cooking and space 
heating. 


Relative Importance of Wood as a Source of Energy 
Canada, 1870-1955 by Decades 


Contribution in Terms of: 


Millions of Millions of Percentage of total 
Year equivalent cords* cubic feet* 10” B.t.u.’s energy consumption 
1870 8.7 696 15 85 
1880 11.0 880 220 77 
1890 10.5 840 210 | 
1900 — oS 744 186 39 
1910 12.4 992 247 26 
1920 oe: 744 186 16 
1930 rll kaw) 880 220 16 
1940 10.5 840 210 13 
1950 9:5 760 190 8 
1955 ES 584 145 5 


“Includes an allowance for such mill wastes as slabs, edgings, shavings and sawdust. 
Source: Volume figures adapted from Census of Canada data; 1955 estimated. 


The wood used as fuel in Canada is mainly either round wood cut speci- 
fically for fuel purposes or mill wastes obtained as a by-product of mill 
operations. The latter consist of slabs and edgings, lumber trimmings, 
shavings and sawdust left over from the manufacture of logs into planks 
and boards. Most of the cordwood is cut on farm woodlots. Accounting 
for some three-quarters of the total as recently as 1950 it has declined 
steadily in amount. Meanwhile the volume of wood fuel produced by the 
nation’s sawmills has shown greater stability. Though greater quantities 
have been diverted to pulp and paper production, the steady rise in Cana- 
dian lumber output has resulted in considerable amounts of mill wastes being 
offered to householders and to other industry as wood fuel. 


The total volume consumed in Canada can only be approximated at 
best. This is because a large (and increasing) proportion never enters 
commercial channels and is therefore not subject to measurement. Much 
of the cordwood cut on farm woodlots is also consumed by the farmers 
themselves. Similarly, a growing proportion of the mill wastes is being 
consumed by the firms or plants within which they originate. Difficulties 
encountered in gathering production statistics from innumerable ‘sources 
and a lack of uniformity in reporting are among the reasons why no reliable 
series, such as exists for coal or electricity, is available on the volume or 
value of wood consumed as fuel in Canada. 


Because of these deficiencies, an attempt has been made, where possible, 
to relate the consumption of wood to such other statistical series as are 
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available on space heating and other wood-using equipment in use in 
Canada. Indeed, the numbers of household heating units employing wood 
are perhaps the best measure of the volume of wood employed for space 
heating purposes in recent years. Where possible, information on supple- 
mentary heating and cooking equipment has also been collected in an attempt 
to build up rough estimates of the total amount of wood utilized in this way. 


The total number of Canadian households reporting wood as their princi- 
pal fuel shows a 40% decline between 1941 and 1956. By far the greatest 
drop has occurred since 1951. On the assumption that the average Cana- 
dian household utilizes 175 million B.t.u.’s per year for space heating and 
cooking purposes, domestic consumption amounted to better than 10 million 
cords (equivalent) in the early 1940’s, around eight million cords in 1950, 
and approximately six million cords in 1955. From available data on 
equipment in use in commercial and institutional establishments, it has 
been assumed that an additional 1.5 millon cords is probably employed in 
the other sectors of the economy. 


Households Reporting Wocd as the Principal Fuel 
(thousands of households) 


1941 1951 1956 
Total households in Canada 2,516 3,409 3,974 
Those burning wood? 1,183 951 724 
Wood as % of total 46% 28% 18% 


“Excluding sawdust which is used by about 35,000 households. 


Returns pertaining to the total volume and value of fuelwood purchased 
by the nation’s various manufacturing plants are available, from the annual 
census of industry, year by year, back to 1926. Like the quantities used 
by Canadian households these amounts also show a steady long-run decline. 
From better than 720 thousand cords in the mid-1920’s, they have since 
fallen to something in the order or 300 thousand cords annually. This 
trend, which appears to be slowing down, is traced out in the following 
table. 5 


Fuelwood Purchased by Manufacturing 
Establishments, Canada, 1926-53 


1926 1929 1935 1939 1948 1953 
Quantity in thousands 
of (equivalent) cords pipe 656 550 475 309 300 


Besides purchased wood, a considerable volume is used directly by the 
consuming industries themselves. The sawmill industry alone currently 
employs the equivalent of over a million cords. An incomplete survey 
carried out a few years ago recorded a minimum of 1.3 million cords 
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utilized, either as mill waste or in the form of cordwood by the forest 
industries themselves. 


Such mill wastes as are marketed are sold in the form of slabs and 
edgings. In British Columbia, where this practice is most common, large 
amounts of sawdust and hogged fuel! are still used for steam raising as 
well as space heating purposes. In the 1951 census it was reported that 
approximately 35 thousand sawdust burning units were in operation in 
that province, and annual sales of sawdust in that year were equivalent to 
about 350 thousand cords of wood. 


The future trends in the fuel use of mill-wastes is probably downward. 
Since mill-waste is largely a by-product of lumbering operations, and since 
lumber production is expected to increase by as much as 50% over the next 
25 years, the available supply of mill left-overs may rise proportionately. 
Some of it could be converted into small dimension stock and used in 
the production of wood products other than lumber. An increasing amount 
may also be manufactured into pulp or converted into fibre boards, chip- 
boards and other sheet building materials. A continuing decline in the price 
of alternative fuels and the growing market for the more highly processed 
forest products would reinforce this trend. 


Pulp mill wastes may also be used to a greater extent for the production 
of heat energy. Lignin constitutes about 30% by weight of the average 
northern softwood species of tree. Chemical pulping, in extracting this and 
other combustible carbohydrates, may leave as little as 50% of the original 
pulpwood log behind in the form of cellulose fibres. The resultant liquors can 
only be employed in modest amounts by other chemical process industries. 
The only practical alternative to their rejection is therefore to convert them 
into a usable form of energy. Because of the increasing use of chemical 
methods of pulping, and the added incentive in more remote mill locations 
to produce heat energy by other than conventional means, research in this 
direction may add appreciably to the production of heat energy from such 
pulpmill waste products. 


Meanwhile there is good reason to believe that the production of wood 
cut primarily for fuel purposes will continue to decline. One of the con- 
tributing factors will be a shortage of manpower in the woods. A relatively 
high and rising real price for pulpwood and sawlogs will, at the same time, 
divert more production from the woodlots to industry. Only in circum- 
stances where fuelwood can be sold at premium prices for occasional use 
in summer cottages, home fireplaces and outdoor grills will this trend be 
arrested. 

There seems little reason to doubt that the number of households burning 
wood will be fewer than at present. However, by reason of its availability 


1Hogged fuel is produced by feeding larger pieces of mill-waste into a hog or refuse 
chipper to reduce them to smaller sizes which may be machine-fed to furnaces. 
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Household Heating and Cooking Equipment in Canada, 
1941, 1951; 1956 


(thousands of households) 


194] 1951 1956 
Principal heating equipment 
Sto 1,206 1,469 1,026 
Coke 
Oil 67 aps, 1,843 
Wood Lt33 951 724 
Natural gas 87 163 333 
Other 32 Dd 48 
Total 2.575 3,409 3,974 
Cooking equipment 
Coal 238 1,485 1,099 
Wood 216 i 
Oil 42 LS. 214 
Natural gas — 724 822 
Electricity 1,019 976 157 9, 
Other — _ 20 
Total 2,515 3,364 3,952 
Supplementary 
heating equipment 
Coal i oh 165 234 
Coke 
Oil — 114 156 
Natural gas -- — 60 
Wood — 206 436 
Other -- 53 68 
Total — 538 954 


Source: Census of Canada, 1941 and 1951; Household Facilities and Equipment, 
D.B.S., 1956. 


in northern and more remote areas and for farmers and mill operators, be- 
cause of its low cost, there may be from 200 to 300 thousand households 
dependent on this source of energy in the late 1970’s and early 1980s. When 
industrial uses are included, total consumiption 25 years from now may be 
in the order of between two and three million (equivalent) cords of wood. 
This is less than half of the seven million cords? estimated to be employed in 


°See also Progress in the Development of Energy Resources of Canada, a paper 
prepared by the Dominion Coal Board and Department of Northern Affairs and 
National Resources and presented at the Fifth World Power Conference. The Coal 
Board series on fuelwood consumption declines from approximately 11.2 million 
cords in 1945 to 8.5 million cords in 1954. 
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1955 for the production of heat. Contrasted with our estimates as to the 
nation’s total energy requirements, we therefore may see the fuelwood de- 
clining from a position of supplying approximately 16% of Canada’s total 
energy requirements in the mid-1920’s to 5% in 1955 and approximately 
1% a quarter of a century from now. 


Section II: Tidal Power 


The physical feasibility and economics of producing hydro-electric energy 
from the tides has received serious, though intermittent, attention in various 
parts of the world. Several sites, the majority of them in Western Europe, 
have been harnessed on a comparatively small scale. Interest in North 
America, on the other hand, has centred on the high tides and peculiar land 
features which characterize the Bay of Fundy especially along the State 
of Maine and New Brunswick coasts. Foremost among these has been the 
Passamaquoddy Tidal Power Project—a series of dams, locks and storage 
reservoirs, the construction cost and operating characteristics of which have 
periodically been under discussion between Canada and the United States 
since the early 1920’s. To date its economics have not been proven favour- 
able. Another—an all-Canadian project on the Petitcodiac and Mamram- 
cook Estuaries in New Brunswick—has also been investigated although 
the results have been even less encouraging. 


Recently, as a result of expressed interest by the State of Maine, the 
possibilities of an international venture at the mouth of the St. Croix River 
has been revived by the United States authorities. A thorough investigation 
of both the engineering and fisheries aspects soon will be carried out under 
the auspices of the International Joint Commission. The United States 
Congress has voted $3 million for this purpose. Canada has earmarked $300 
thousand with the proviso that this be confined to a study of the fisheries 
aspects—a matter of considerable anxiety to fishermen operating in the Bay 
of Fundy. No commitment as to the completion of these or any related 
works has been made in either country. Further decisions, as to the con- 
struction, await the completion of these investigations and a thorough-going 
appraisal of the economic merits of such an international power project. 


Since the results of this proposed investigation will not be available for 
several years, an expression of opinion as to its economic merits is pre- 
mature. However, reference to past findings may be useful. The report 
of the United States Federal Power Commission dealing with this matter 
and issued in March, 1941, concludes that “the Passamaquoddy , Power 
Project cannot compete successfully with river hydro-electric power poten- 
tially available to the State of Maine, or with power from modern steam- 
electric plants”. The Commission’s experts go on to show that, even “under 
the most favourable conditions of financing, (i.e., 3% interest on loans and 
no allowance for the payment of income tax or insurance), the average 
cost of electricity would be in the vicinity of 7 mills per kilowatt hour. The 
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corresponding switchboard costs of energy of the same class, and amount 
from a conventional steam-electric plant was found, at that time, to be 
about 4.5 mills per kilowatt hour’’. 


Other complications were mentioned. Since the peak availability of tidal 
power varies from day to day, it must be firmed up with other generation. 
Thus supplementary steam or river hydro capacity would have to be built. 
These facilities together with the tidal power installation would cost a great 
deal. Not only that, but the quantity of energy which they were potentially 
capable of producing appeared to be well beyond the foreseeable require- 
ments for electricity either of the northeast corner of the State of Maine or of 
the Province of New Brunswick. 


Reviewed by the International Joint Commission in 1950, the reporting 
Engineering Board stated that in its opinion, “the International Passama- 
quoddy Tidal Power development could be feasibly engineered, constructed 
and operated.” However, the Board emphasized that “many of the en- 
gineering problems are unprecedented anywhere in the world, and their 
solution will require a great deal of costly foundation exploration, field 
surveys and engineering analysis.” 


Conditions in the Petitcodiac and Memramcook Estuaries appear to be 
even less favourable economically. In their report issued in 1945, the 
Engineering Branch of the then Department of Mines and Resources re- 
ported the resultant power cost to be in the vicinity of 55 mills per kilowatt- 
hour. This was many times the figure of seven mills estimated for steam- 
electric generation alone. Capacity in this case was estimated to be 280,000 
horsepower; the load factor 61%, the total capital cost $155 million and 
the rate of interest 3.5%. 


On the market side, circumstances are changing. The quantity of power 
required over the next 10 or 15 years is much larger than that envisaged. 
even in the early 1940’s. Yet, the same reservations as to cost remain. We 
can only conclude from the information supplied in these reports that the 
economics of supplying hydro-electric energy from the most favourable tidal 
sites in Canada are, as yet, unproven. Even were the Passamaquoddy 
Power Project to be built and its output shared equally with the United 
States, its contribution to Canada would be less than that of a single large 
scale (500,000 horsepower) river hydro or steam-electric power installation. 
Thus, the part which tidal energy is likely to play in the total Canadian 
power picture can be assumed to be nominal, if not disregarded, during 
the period between now and 1980. 
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Note 


The report of the Engineering Board to the International J oint Commis- 
sion on The Scope and Cost of an Investigation of the Passamaquoddy Tidal 
Power Project issued in March 1950 includes a very useful summary of Tidal 
Power Projects in other parts of the world. 


Section III: Solar Energy 


Nuclear energy, as we have seen, offers considerable promise for the 
future. Yet it has certain limitations. Those stemming from the need to 
employ highly trained personnel, the costly nature of much of its plant and 
equipment and—more significant still—its market selectiveness will condi- 
tion its usefulness. This is also why the major impact of atomic power may 
be confined to the more highly developed areas where energy costs are on 
the increase and where both investment capital and industry are available 
to assist in the financing, operation and maintenance of large and compli- 
cated stations of this kind. 


Solar energy holds out hopes in quite a different direction. It falls on 
cheap waste land just as abundantly as on builtup areas in the nation’s 
larger cities and towns. Solar operated devices can (and indeed must) 
be small in size.3 Properly conceived and constructed, they require little 
attention and can be installed wherever the need arises. In contrast to that 
produced using nuclear fuels, solar heat and power are therefore likely to be 
more competitive in other parts of the world where individual demands are 
modest, conventional fuels must be imported, capital is scarce and where 
industrial skills are either lacking or difficult to obtain. 


This is not to imply that solar energy is likely to be cheap ‘energy. 
Even in the most modest installations, a good deal of collecting, storage, 
plumbing and other equipment is involved. Its very unpredictability also 


‘Because of the amount of collecting and other equipment involved, it is doubtful 
whether solar energy for the production of electricity would be economic in units 
in excess of five to ten horsepower. 
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tends to make it more expensive. Costly storage devices or, alternatively, 
duplicate facilities capable of providing energy from other sources become 
necessary to ensure continuity of supply. Because a full complement of 
equipment will be needed to supply this supplementary energy on a stand-by 
basis the over-all cost will, in most Canadian circumstances, be excessive. 


There are uses in which the intermittent and variable nature of solar 
energy is not so serious a handicap. One is the pumping of water for irri- 
gation. Another is the purification of brackish water by distillation. Arid 
conditions and long, uninterrupted period of sunlight frequently go hand in 
hand. Hence, in a few areas of western Canada where the summer sun 
shines intensely, some advantage may directly be taken of this comparatively 
abundant and yet difficult-to-harness form of energy. 


For various technical reasons, which bear directly on the economics of 
solar energy utilization, the conversion of solar energy into power is at 
present less attractive than the simpler conversion into heat energy to be 
supplied at such temperatures as can be used in space heating. Such appli- 
cations as the space heating of buildings are not at present economically 
attractive since storage or standby equipment must be provided.* 


There exists the possibility of using solar energy as a supplementary 
source of heat for buildings, through the provision of large glass areas. 
Even this is not without difficulty and may frequently add to, rather than 
decrease, the home or office owner’s fuel bill. When the sun is at its* height, 
rooms with a southern exposure tend to be overheated. This calls for a 
system of air conditioning or at least air circulation. When the sun is not 
shining, heat losses occur which are several times those through a properly 
insulated wall. Thus it is to such lesser applications as water heating in 
summer or the activation of yet to be fully developed devices like solar 
batteries> that we must turn in order to list a few of the more likely, and 
possibly widespread, applications for the future. 


The intensity of the sun’s rays, obviously, has a good deal to do with 
solar energy economics. Measured in terms of coal equivalent, the average 
daily rate in summer in the arid sub-tropics is about 3.7 tons per acre. 
The maximum rate may reach five tons on a clear dry day in June. The 
average for the whole of the United States is just over two tons of coal 
equivalent per acre per day. This illustrates both differences in latitude 


‘The critical line, north of which solar energy cannot be relied upon exclusively for 
comfort heating passes midway through the United States. It therefore not only 
excludes New England, the north central states, the Dakotas, Montana and most 
of the Pacific Northwest, but all of Canada as well. 

°The direct conversion of sunlight into electricity by photo-voltaic cells has been 
under investigation for some time. In 1954, a solar battery, employing purified 
silicon gave encouraging results. Though prohibitive in cost at the present time, 
some such device as this may eventually be used to equip amplifier stations in rural 
telephone lines, etc. 
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and the variations introduced by cloudiness and other regional climatic 
factors. In Canada at the 49th parallel, 1.5 tons may be a maximum. 


The fact that little development in the uses of solar energy in man-made 
devices has yet taken place in areas where sunshine is relatively more 
abundant supports the view that the direct contribution to be made by 
solar energy to Canada’s heat and power requirements by other than 
existing natural means will be of minor proportions at least over the next 
20 to 30 years. 


Indirect collection of solar energy is something else again. Heat pumps, 
though not commonly referred to in these terms, are already in use as 
refrigerating and summer air conditioning machines. Since such machines 
are essentially devices for pumping heat from one temperature level to a 
higher one at which it can be rejected, they can be used for heating as well 
as cooling. They are usually electrically driven. The power required 
depends upon the difference in temperature levels through which the heat 
must be pumped, but can, under favourable circumstances, be as little as 
one-quarter or one-sixth of the total heat discharged. 


Some 20 heat pumps are already in use for house heating in Canada, 
extracting heat from the ground with a consumption of electrical energy 
for pumping of about 40% of the total heat delivered. There could be 
technical advantages in combining such heat pumps with solar energy col- 
lection and storage systems as the source of heat. Such an arrangement would 
permit improved solar collection efficiencies and an easing of heat storage 
requirements for the solar energy system as well as reduced pumping costs for 
the heat pump system. 


Electrical energy available at one-half cent (5 mills) per k.w.h. for direct 
space heating in conventional electric heaters is competitive with domestic 
furnace oil at 17¢ a gallon. Although available at this low rate for some 
purposes in Canada, its use for space heating has not been encouraged. Us- 
ing the heat pump alone, the power consumption might be reduced to one- 
third, thus providing the same energy cost with electrical energy at 1.5¢ 
per k.w.h. but this would also. call for a capital investment in equipment 
amounting to two to three times that of a conventional heating system. 
The combination of a solar energy system with a heat pump might decrease 
power costs still further, but only at the expense of further complexity of the 
over-all system. Such developments, though ultimately possible, are not 
likely to be economically attractive in the near future. 


Meanwhile we may continue to witness what has been going on for 
several generations. Indirectly, through natural evaporation, rainfall, river 
basin accumulation and the harnessing of water power, the sun’s energy 
has been and will increasingly be put to work in the production of large 
quantities of hydro-electric power. As far as Canada is concerned, such 
indirect rather than direct applications are likely to constitute solar energy’s 
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principal contribution to the heat and power needs of the economy over 
the next quarter century. 


Note 


At most, there are two dozen solar heated houses on this continent at 
the present time. With one or two exceptions, they are located in the 
southwestern United States. 
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PART C 


ENERGY AND CANADA'S ECONOMIC PROSPECTS 


12 


INTER-FUEL COMPETITION IN THE MAIN ENERGY CONSUMING 
REGIONS OF CANADA 


Part B of this study has been concerned with the prospective supply of 
and demand for the different sources of energy in Canada. Though geo- 
graphical factors have been taken into account, no attempt has previously 
been made to discuss competition between the different fuels, province by 
province, across Canada. 


In order that this aspect of the study could be completed on time our 
inquiry was reduced to its simplest terms—that of delineating the principal 
areas of competition and, on the basis of interviews with provincial, indus- 
trial and other authorities deciding how the requirements of each region 
would best be met in the mid-1960’s. Longer run forecasts were ruled out 
on the grounds that past trends, in this case, could not be employed as a 
guide to the future. 


By limiting the appraisal to uses in which the different fuels compete 
directly one with the other, motor vehicle requirements were automatically 
excluded. Similarly electricity, because it does not usually compete directly 
with the fuels, was also excluded from the survey. (It should be noted, 
however, that the regional demands for electricity have been considered 
at length in Section II of Chapter 10.) 


In attempting to forecast the likely fuel mix major region by major 
region across Canada, we have therefore confined ourselves to an assess- 
ment of such energy requirements as could for all practical purposes be 
supplied by either coal, oil, natural gas or fuelwood. The principal uses 
examined in detail are mining, manufacturing, domestic and commercial 
space heating, railway usage and the generation of electric power by thermal 
means. The regional breakdown consists of Ontario, Quebec, British 
Columbia, the Prairie Provinces and the Atlantic Region of Canada in that 
order. 
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Ontario 


Ontario leads all other provinces in the amount of fuel it consumes. 
Indeed the quantity of coal, oil, natural gas and other fuels sold there each 
year exceeds by nearly one-third that purchased in Quebec, the Maritimes 
and the Province of Newfoundland combined. 


While the total has been rising steadily, statistics pertaining to the 
different fuels show a decided preference for oil. 


Consumption of Fuel 
in Ontario* 


(millions of tons of coal equivalent) 


Year Coal Oil Gas? Wood Total 
1941 16.0 1 7/ 0.9 i065) 20.1 
1953 17.6 6.2 1.4 0.6 25.8 
1965 est. 12x0 12.4 UAW) 0.4 32.8 


*Exclusive of highway use. 
>Natural and manufactured gas. 


From this it can be seen that coal is still the dominant fuel. However, 
the amounts purchased have recently begun to level off. Oil, meanwhile, 
has continued to gain both absolutely and relatively. Together with natural 
gas it has accounted for all of the increase in fuel consumption which has 
taken place in Ontario in the postwar period. 


Coal has suffered most in two sales categories: space heating and on the 
railways. In both, the drop in sales since 1946 has been in the order of 
two million tons. More recently, the amount used for the production of 
manufactured gas has also been curtailed. The greatest strength has come 
from a new quarter—namely, the production of electric power. More than 
one million tons of coal were burned for this purpose in 1955. Steel produc- 
tion is also on the increase, thereby augmenting the demand for metallur- 
gical grades. Meanwhile coal is roughly holding its own in secondary 
manufacturing. 


In contrast to coal, oil consumption has been rising on all fronts. The 
amount sold for space heating has risen more than sixfold since the end of 
World War Il. Fifty per cent more petroleum products by volume are 
being consumed in manufacturing plants. Lake shipping is converting 
increasingly to oil, as are most mines. : 


These trends, together with a further drop in the use of wood as a fuel, 
are likely to be modified by the arrival of natural gas from western 
Canada in 1958 or 1959. Retail sales of middle distillate oils for space 
heating purposes may slow down considerably. Coal may not only continue 
to lose out in respect to space heating but also be forced to give up a 
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number of its manufacturing outlets as well. In the heavier types of indus- 
try residual oils sales will be less affected, natural gas being used in lieu of 
coal and on a seasonal basis. 


Looking ahead to the mid 1960’s it appears that coal requirements may 
fall by several million tons. Oil, with complete dieselization of the railways 
and further gains in manufacturing, may by then supply one-third or more 
of the province’s total energy requirements. Natural gas, having estab- 
lished itself as a major competitor in the energy field, could be supplying 
close to 20% of Ontario’s fuel needs a decade from now. In total, the 
Ontario market could increase from around 27 million tons of coal equiva- 
lent fuels in 1955 to better than 32 million tons ten years later. 


After 1965 efficiency gains on a scale commensurate with those made in 
recent years appear less likely of achievement. Hence, Ontario’s primary 
fuel requirements may move upward at an impressive rate. Meanwhile, 
the liquid fuels will become more solidly entrenched. By 1970 the part 
played by natural gas will be considerable; that by oil will have become 
relatively stable. Coal should have passed its nadir. After the mid-1960’s 
imports from the United States will be augmented by a 7% or 8% per 
annum increase in thermal power generating capacity. Only to the extent 
that electricity can be produced by nuclear means is this latter requirement 
likely to be held in check. 


Quebec 


Quebec is the second largest fuel consuming province in Canada being 
exceeded only by Ontario. Currently some 15 million tons of coal equiva- 
lent fuels are being sold competitively there. Of this, about half is oil. In 
Ontario, by comparison, two-thirds of all the fuel consumed in non-highway 
uses still takes the form of coal. 


Availability, and particularly price, has had a good deal to do with the 
shaping of these different supply patterns. Imported United States coal, 
moving across the lower lakes into Southern Ontario is cheaper by several 
dollars a ton than that delivered at Quebec City, Three Rivers and Montreal. 
On the other hand, oil and its products have been more readily available 
and more competitive in price in Quebec. This explains why the trend 
away from the solid fuels to oil has been proceeding more rapidly in the 
latter province. 


Space heating and manufacturing are by far the largest fuel consuming 
categories. Together they account for close to three-quarters of all the 
energy (other than electric power and motor gasoline) used in Quebec. 
The railways still consume about twice as much as does shipping. Mean- 
while, mining and thermal power requirements are comparatively modest, 
and that devoted to the production of manufactured gas on the decline. 
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Quebec energy requirements, while continuing to grow in an over-all 
sense, have been modified by the fuel efficiences resulting from the progres- 
sive substitution of oil for coal during the postwar period. While the 
province’s paper mills, cement plants, metal smelters and refineries are still 
buying somewhat more coal than they did in 1946, both coal and wood 
have lost ground in the other market categories. Not only has oil supplied 
most of the growth requirements of industry but it has, over the past decade, 
made considerable headway in respect to space heating. 


Consumption of Fuel in Quebec* 
(millions of tons of coal equivalent) 


Year Coal Oil Gas? Wood Total 
1941 6.3 1.6 — 2.0 9.9 
1953 6.0 5.4 — 1.2 12.6 
1965 est. 3.6 10.9 2.0 0.7 17.2 


*Exclusive of highway use. 
»Natural gas only. 


Looking to the future, it appears that manufacturing, space heating and 
railway usage are likely to be the main determinants of demand. On the 
supply side, the arrival for the first time of natural gas must also be taken 
into account. 


If the word dramatic appropriately describes the postwar turnaround in 
the Quebec space heating market, it may be an even more appropriate 
adjective to apply to the province’s railways’ needs between now and the 
early 1960’s. The main line companies expect that their coal requirements 
will drop from better than 1.6 million tons in 1953 to only about 10% of 
that amount. Partially off-setting this will, of course, be a rise in railway oil 
consumption. Diesel fuel in an amount equivalent to some 500,000 tons of 
coal equivalent may be required for this purpose in 1965. 


The prospects for coal in its other major outlets are less gloomy, if only 
by degree. Long-term trends in the sales of heating equipment and appli- 
ances, suggest that the continuing preference for liquid fuels will result in 
a further decline in coal sales equivalent to some 400,000 tons. Oil usage, 
meanwhile, may rise from around 2.4 million to around 4.0 million tons of 
coal equivalent in the early 1960’s. 


The main hope, in so far as coal is concerned, is manufacturing. While 
there may be a drop in the amounts of solid fuels used here, it may be 
of more modest proportions. The reasons are not altogether apparent. A 
number of processing industries are located well inland. Under these 
circumstances the present subventions paid on coal are rendering a switch 
to oil less appealing than if they were to be sited close to ocean shipping. 
Again, other manufacturing uses, such as in the aluminum plants and 
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non-ferrous metal smelters may rise, thus offsetting the tendency of cement 
plants, food processing establishments, etc., in and around the Montreal 
area to turn to oil and natural gas. 


While the arrival of gas from western Canada will hurt coal, it will also 
have an impact on oil. This will be particularly true of the middle distil- 
lates sold largely for space heating purposes. Seasonal imports of the latter 
may, therefore, tend to level off if not actually be reduced. Meanwhile the 
heavier oils, and particularly those residual to Canadian refinery production 
will find a ready outlet in heavy industry down-river from Montreal. 


In the two remaining fuel markets—gas manufacturing and mining—some 
coal will still be required. Artificial gas-making capacity in Montreal may 
be retained in use though essentially for peaking purposes. United States 
coal and some oil may be employed, quality and ease of handling being the 
main reasons for their choice. Meanwhile Quebec’s metal and other 
industries may continue to use coal at about their present volume due 
largely to their location and to the existing freight rate structure. 


In totalling up the demand for individual fuels in the mid-1960’s we 
find that coal consumption may fall by between 2.0 million and 2.5 million 
tons. The railway conversion programme will be largely responsible for this. 
Oil meanwhile will come to dominate the energy situation in Quebec. 
Currently it is selling almost ton for ton with coal. By 1965, despite the 
marketing of some two million tons of coal equivalent natural gas in and 
around the Montreal area, petroleum products may out-sell coal in the ratio 
of around three to one. Thus within a decade oil may supply 60% or more of 
all the energy consumed in the Province of Quebec. Natural gas, meanwhile, 
will become the third most important fuel in this region. Outdistancing wood 
within a few years it may supply more than 10% of Quebec’s non-highway 
needs a decade from now. 


British Columbia 


While British Columbia still consumes less fuel than the combined Prairie 
or Atlantic provinces it is one of the fastest, if not the fastest, growing 
markets for energy. Due mainly to the expansion of pulp and paper and 
metal processing operations, British Columbia’s over-all requirements have 
risen by around 40% since the late 1930's. Though this rate of growth is 
in excess of that encountered in the central provinces, British Columbia 
now utilizes about one-fifth as much energy as Ontario and about one-third 
of that consumed in Quebec. 


By far the largest use category in British Columbia is space heating. 
Alone it accounts for about 40% of all the coal, wood, natural gas and oil 
burned in the province. Manufacturing is in second place with close to 25% 
and the railways third with about 15%. In contrast to most other parts of 
Canada, ships’ bunkering is still significant, amounting to around 10% in 
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recent years. Oil is well established. Today it supplies 60% of all the energy 
sold competitively throughout the province for non-highway purposes. 
Coal, which up until the early 1940’s met about half of these needs, is now 
down to around 30%. Meanwhile, wood, still used extensively for space 
heating purposes, has fallen to around 15%. Natural gas, a comparative 
newcomer to the province, is only now beginning to be used on an appre- 
ciable scale. 


Petroleum products, the extensive use of which began in British Columbia 
in the 1920’s, have found their greatest acceptance in space heating, in 
manufacturing and on the railroads. For many years, residuals have been 
used by the pulp and paper mills and by the fish canneries up and down 
the west coast. “Various grades of fuel oil have been used in increasing 
volume in the production of machinery, chemicals and in off-the-road log- 
ging and construction operations. Since 1946 they have also begun to be 
used fairly extensively in and around the mines and metallurgical centres 
of the interior as well. 


Coal, meanwhile, has lost ground on all fronts. Substantially displaced 
on the railways prior to World War II, it has since been overshadowed in 
most uses except in the smelting and refining of base metals and in the 
manufacture of cement. Wood is also being used less and less as a fuel. 
This is partly due to the fact that wood wastes and pulp and paper mill 
residue are being incorporated to a greater extent in building boards and 
similar manufactured products. 


Looking ahead to the early 1960’s, oil will do well to hold its own in 
relative terms. While it will retain its market with many of the province’s 
mining, chemicals and other primary processing industries, dieselization 
will cut the railways’ demands by one-half. The arrival of natural gas will 
have narrowed the sales prospects of oil with respect to space heating, 
secondary manufacturing, and to thermal electric power stations. Natural 
gas, piped down across the province to the lower mainland from the Peace 
River District, besides being used by new industries en route, may also be 
employed in the manufacture of cement, other building products and even 
by oil refineries. 


Such is likely to be the overwhelming importance of the liquid fuels that, 
together, oil and gas may, by 1965, be supplying between 80% and 90% of 
British Columbia’s total fuel need. A decade from now coal sales may be 
less than one millon tons annually; those of fuelwood and wood wastes 
be down to about one-half of their present volume. 


Contributing materially to the projected increase in demand is the fuel 
requirement associated with the generation of electricity from natural gas. 
Gas turbine and other internal combustion type plants will employ this 
fuel in any case. However, should available supply of hydro-electric 
energy in the lower mainland area threaten to be inadequate at any time, 
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substantial resort may have to be made to the burning of liquid fuels for 
this purpose. 
The following tables illustrate the trends in inter-fuel competition which 


have been in evidence since the early 1940’s and include provisional 
estimates for the mid-1960’s. 


Consumption of Fuel in British Columbia‘ 
(millions of tons of coal equivalent) 


Year Coal Oil Gas? Wood Total 
1941 1 Tee 0.1 0.7 3.4 
1953 1.4 2.8 0.1 0.3 4.6 
1965 est: 0.7 oe 2.4 O:Z 8.8 


“Excluding highway use and hydro power. 
Including manufactured as well as natural gas. 


The Prairie Provinces 


Collectively the three Prairie provinces—Alberta, Saskatchewan and 
Manitoba—consume about the same amount of fuel as the Province of 
Quebec. Total usage of coal, natural gas and fuelwood thus is about half 
that of Ontario and about double that recently attained in the Province of 
British Columbia. 


Per capita consumption is high. However, except for the amount of oil 
and gas utilized in the fields and in the gathering and main pipeline systems 
the rate of growth of demand in recent years has been well below the 
national average. The main reason for this has been the rapid decline in 
railway requirements as the conversion to oil progressed. Only recently 
have the fuel needs of the electric power utilities begun to loom large in 
the total. From now on they, together with manufacturing, may cause the 
Prairie consumption trend line to bend more persistently upward.t 


Coal, as recently as 1953, was still “king” of the fuel market in this region. 
Nearly half of all the fuel requirements of the three Prairie provinces 
were being met from this source. The latest consumption statistics indicate, 
however, that it is approaching the end of an era. The situation there is 
very much in the state of flux. The era in which the solid fuels have domin- 
ated all other sources of supply is passing—and passing rapidly. With the 
conversion of steam burning rail locomotives to oil and, later, the complete 
dieselization of the railways; with further losses to both oil and gas in space 
heating and in manufacturing; and with certain of the newer central electric 
power stations preparing to burn natural gas. Coal is continuing to lose 


1Space heating accounts for over 40% of all the energy consumed on the Prairies. 
Railways are still in second place with about 25% and manufacturing third with 
about 15%. Central electric stations, even now, consume less than 10% of all the fuel 
sold competitively in Alberta, Saskatchewan and Manitoba. 
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ground rapidly. Over-all consumption on the Prairies dropped by some two 
million tons over the past decade—the equivalent of a 25% to 30% drop 
since 1946. 


Oil sales have more than tripled in this region during the post World War 
II period. Between 1946 and 1953, its contribution to the total energy 
supply rose from 10% to about 25%—a rate of increase that overshadows 
even that of natural gas. New space heating demands were most in evi- 
dence, although industry is already using up to five times as much oil as it 
did in the late 1940’s. The railways, meanwhile, have about tripled their 
consumption of petroleum products. 


The use of natural gas, which was already well established in the larger 
centres in Alberta ten years ago, has, more recently, spread to the cities of 
Saskatoon and Prince Albert in Saskatchewan. As a result, the largest 
single use category, residential and commercial sales, has been augmented 
considerably. Since 1950, the largest volume gains have been in primary 
manufacturing and, in central and northern Alberta, in the generation of 
electric power by thermal means. The larger amounts of gas being diverted 
into these low priced, large volume applications is a direct result of the 
improved reserve position in western Canada. 


The record, in over-all terms, is somewhat surprising. Having risen 
by about 25% between 1941 and 1946, total fuel usage in the Prairie 
provinces has since tended to level off. It went up less than 10% between 
the end of World War I and 1953. In the face of an industrial boom this 
can only be explained on the grounds of greater efficiency in use. The 
rapid displacement of coal and wood by oil and gas—the liquid fuels being 
used in new and more efficient ways—has therefore masked what con- 
tinues to be a substantial growth in the amounts of energy being put to 
effective use. 


Such influences will continue to modify Prairie demand for fuel over the 
next decade. They have therefore been taken into account when attempting 
to assess the mid-term outlook by use sector through to 1965. 


Fuel Consumption in the Prairie Provinces* 


(millions of tons of coal equivalent) 


Year Coal Oil Gas? Wood Total 
1941 Saas 0.6 1.4 1.4 tO 
1953 5.6 3.0 2.4 0.5 11.5 
1965 est. 2.0 3:2 7.0 Or 14.4 


*Excluding highway use and the amounts used in the mining of coal and the production 
and pipeline transportation of oil and natural gas. 
"Including natural gas liquids. 
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Within the total, two pronounced trends, one substantially offsetting the 
other, will be at work. The fuel requirements of the railways may be reduced 
by some two-thirds as a result of their projected oil conversion programme. 
Their annual coal purchases may therefore decline by two or more million 
tons. A persistent increase in electric power requirements, meanwhile, may 
result in a threefold to fourfold rise in the demand for fuels. From one 
million tons in 1963 this may be in excess of three million in 1965. 


New industries, especially large fuel users like the pulp and paper indus- 
try, may also make a considerable difference in manufacturing. Along with 
more cement-making capacity, chemical plants, equipment manufacturing 
concerns and food processing applications these needs will doubtless put 
industry well ahead of the railways during the next decade. 


The prospects, fuel by fuel, for the mid-1960’s are as elsewhere in 
Canada; a further drop in coal sales, a continuing rise in the volume of 
petroleum products consumed, and a marked improvement in the position 
of natural gas. Our more detailed estimates indicate that coal may fall by 
more than 50%; oil will rise by about 70%; and the use of natural gas, as 
it spreads eastward across the Prairies, will nearly triple in the ten years 
immediately ahead. Meanwhile in the outlying areas the natural gas liquids 
will also be used much more extensively. Wood as a source of fuel energy 
will be largely displaced. 


In the face of these developments, coal will retrench. Some will still be 
required in manufacturing and particularly in metallurgical operations. 
Much larger quantities will be needed for the generation of electricity. 
Here the low cost lignites and sub-bituminous coal deposits found close to 
the major consuming centres will be favoured. Strip mining operations tied 
closely to the electric power utility programmes can therefore be expected to 
grow. Many of the older underground mines both in the Prairies and in 
the more mountainous country to the west will, on the other hand, be closed 
down or be forced to operate at a fraction of their present capacity. 


The Atlantic Region 


Energy consumption in the Atlantic region— that is to say New Bruns- 
wick, Nova Scotia, Prince Edward Island, Newfoundland and Labrador— 
is presently in the order of 7.5 million short tons annually.” Having dipped 
sharply in the immediate postwar period it is now following a rising trend. 
Though the total equivalent tons of coal, oil and wood is only slightly higher 
today that it was in the early 1940’s, the expectation is for a 157% to 20% 
rise in demand over the next decade. 


Over-all statistics relating to the recent past are, to some extent, mis- 
leading. With the falling off of wartime shipping, total requirements drop- 
ped by nearly a million tons. A further though less significant down trend 


*Bxclusive of highway usage and hydro power generation. 
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has been more than offset by increased demands from other sectors, par- 
ticularly those related to resource development. 


The greatest strength from now on is in connection with electric power, 
although the fuel needs of the region’s pulp and paper mills, food processing 
plants and other manufacturing and residential and commercial users have 
all been edging steadily upward. Opposing this is rail dieselization. Its 
resultant economies are only now beginning to be effective. From now on, 
declining railway requirements will continue to moderate what otherwise 
would be a more impressive upsurge in energy consumption generally. 


Inter-fuel competition, at the same time, is increasing. Up until the late 
1940’s the region’s coal mines encountered little difficulty in selling most of 
their output. Even after 1950, the stimulus given to economic activity by 
the Korean emergency helped to mask the inroads which oil was beginning 
to make into its markets. Now, however, competition from the liquid 
fuels is becoming more intense. Not only has a world petroleum surplus 
made oil a more formidable adversary but the modernization and expansion 
of refining facilities within the region itself is also helping to balance and 
to strengthen the position of the middle distillates in what were formerly 
many of coal’s more lucrative outlets. 


Oil usage which experienced a temporary setback with the declining 
shipping activity which characterized the immediate postwar years, has 
since come back strongly in most of the high price use categories, including 
space heating, secondary manufacturing and railway transportation. Resi- 
dual oil is also making a strong bid for markets in most of the bulk fuel 
using industries, such as pulp and paper, mining and in the generation of 
electric power where price per B.t.u. is all important. 


Liquid fuel sales, as a result, have risen two and one-half times since 
1946. Coal, on the other hand, has been barely holding its own. Indeed, it 
has lost customers on every front except that of power production. Fuel- 
wood is even more seriously effected. These trends, together with the projec- 
tions to the mid-1960’s are reflected in the following table. 


Fuel Consumption in the Atlantic Provinces® 
(millions of tons of coal equivalent) 


Year Coal Oil Gas? Wood Total 
1941 4.9 183 0.4 OFF, EE) 
1953 4.7 2.0 0.1 0.6 7.4 
1965 est. 4.5 4.7 0.1 0.4 9.7 


“Exclusive of highway use. 
»’Manufactured and natural gas. 


Should the above forecast be validated by events, coal will fall below oil 
sometime around 1965. Wood—the other solid fuel—may fall from around 793 
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9% to something like 5% of total demand. By contrast, the liquid fuels may 
rise from something like 30% at present to a position where they will be 
supplying about half of the Atlantic region’s total energy requirements ten 
years from now. 


Nor does this appear to be a passing phase. The area’s dependence upon 
imported fuels over the long run is much more likely to increase than to 
decline for many years. Most, if not all, of its growth requirements will 
probably be supplied directly from Canadian refineries or by imports of 
products from abroad. Natural gas cannot be ruled out. Should it eventu- 
ally prove possible to liquefy the natural product and transport it by tanker 
to, say the United Kingdom, gas distribution in eastern Canada may be 
similarly affected. Propane and the other natural gas liquids—all by- 
products of natural gas production—will also be available. Vying more 
with the lighter fractions produced from crude oil they, too, will make it 
more difficult for coal to recapture such markets as space heating, the heat 
treatment of metals and the manufacture of certain building materials where 
quality and ease of control are also likely to influence the user’s choice. 


Looking even further ahead there is the prospect of nuclear energy. Since 
the Atlantic region comprises a high cost energy area it might be one of 
the first outside of Southern Ontario in which atomic power plants prove 
to be economic. 


Average Fuel Costs’, by Province 1953 


(cents per million B.t.u.’s) 


Coal Fuel oil Natural gas _ All fuels 
Newfoundland .86 47 — Say | 
Prince Edward Island aed .96 — 87 
Nova Scotia 39 48 — 46 
New Brunswick 42 i nas) 47 
Quebec 45 54 .67 54 
Ontario on .64 ATAS) 49 
Manitoba 22. 44 JL5 39 
Saskatchewan 43 38 LS 49 
Alberta 18 49 AS) 2) 
British Columbia EST. 55) 85 54 
Yukon — 28 4) 34 


“Fuel consumed by the manufacturing industries. 


Defence considerations will, at the same time, militate against undue 
dependence of the electric power producing utilities upon imported liquid 
fuels. On the other hand, an attempt to produce most, if not all, of the 
region’s electricity requirements from coal would probably result in an 
excessive increase in power costs. Nuclear energy—depending upon the 
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flexibility and optimum size of future atomic power plants—may therefore 
serve to lessen the demands for fossil fuel, be it coal or oil, which would 


otherwise stem from the region’s growing requirements for electricity in the 
1970’s and 1980's. 


Regional fuel prices have been discussed in Chapter 2 where the relation- 
ship between fuel costs and the volume consumed was examined. The 
following table which shows the average fuel costs in the manufacturing 
industries, by province, is also interesting. The table serves in some 
measure to illustrate the regional problems of fuel transportation and of fuel 
supply. 
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NATIONAL SUPPLY-DEMAND TRENDS, 1955-80 


Section I: Introduction 


Entering the second half of the 20th century, Canada is consuming 
energy at a rate of approximately 100 million tons of coal equivalent a year. 
Per capita utilization, which is now in the order of seven tons, exceeds that 
of all other countries except the United States. The latter’s per person re- 
quirements are now slightly in excess of eight tons a year. Since the 
beginning of the 20th century, per capita requirements in this country have 
roughly doubled; total supply, which also takes into account population 
increases, has risen around fivefold. 


Meanwhile, energy is being used more productively. The average effi- 
ciency with which the various fuels and water power are being put to work 
is at least double that of 1900. This means that, while the average Cana- 
dian burns up or otherwise employs twice as much energy as did his 
predecessors 50 years ago, he obtains four times as much benefit from it. 
Similarly, while the total quantity of primary energy consumed has grown 
five times, that put to effective use has increased tenfold. 


Remarkable changes have also taken place on the supply side. The 
solid fuels have diminished in importance. The liquid fuels, and particu- 
larly water power, have increased many times over. These trends may all 
be projected into the future. However, a statistical exercise of this kind 
frequently results in inconsistencies. Judgment must be employed in cir- 
cumstances where entirely new conditions are: being encountered. It is 
with a view to combining the best features of the statistical and SBE EIEN 
approaches that the present chapter has been written. 


In what follows, various methods for determining the 20-year to 30-year 
outlook have been employed. Yielding different results, they have subse- 
quently been averaged out. In the interests of clarity, a single figure has 
frequently been employed. The reader is urged to recall, however, that these 
forward looking statistics are employed merely as indicators of change. Fully 
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documented, they would appear instead as a range of estimates—estimates 


which could be explained only in the general context from which they have 
been developed. 


There follows in sequence: 
1. a statistical projection of past energy requirements through to 1980; 


2. a forecast of future energy requirements based on future expectations 
as to G.N.P. and past relationships between G.N.P. and energy inputs; 


3. a forecast of future energy requirements based on future expectations 
as to the nation’s labour force and past relationships between the 
working force and energy consumption in this country; 


4. an analysis by major end-use, advantage being taken of the projec- 
tions of growth as reported in other industry studies prepared under 
the auspices of this Commission; and 


5. mid-term (1965) energy requirements as obtained by totalling up 
the regional forecasts. 


Finally, these demand estimates are compared with those arrived at and 
reported in Part B, dealing with the individual energy commodities, i.e. coal, 
oil, natural gas, water power, etc. Thus, judgments as to the changing 
supply pattern are reconciled with the total demand for energy as obtained 
by the various methods outlined above. 


Section II: Estimates of Demand 
Projection of Gross Energy Supply 


The past record of growth of the energy supply can be divided into 
several time periods. During the first 25 years of this century, the gross 
supply of all types of fuel and power (when reduced to some such common 
denominator as B.t.u.’s) showed an annual rate of increase of between 3% 
and 4%. By contrast, in the decade after 1929, total Canadian requirements 
underwent little change. Following World War II or during the past decade, 
the energy supply has been increasing at an average annual rate of slightly 
more than 4% compounded. 


In looking ahead, several base periods might therefore be chosen. Each, 
depending on whether they included the depression years or not, would 
yield different results. That covering the 20 years from 1935 to 1955 would 
suggest a 4.5% yearly rate. Alternatively, a 30-year span starting with 
1926, would suggest that a 3% per annum increment be employed. 


In order to be consistent with our basic assumptions as to full employ- 
ment and no all-out war, a narrower band of possibilities was chosen. A 
lower limit of 3.5%, when applied to present energy requirements, indicated 
a total national demand in 1980 in the order of 260 million tons of coal 
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equivalent energy. Using 4%, we arrive at 290 million tons. The aggregate 
forecast of Canadian energy requirements, using this statistical method, 
therefore, is for close to a threefold multiplication of demand over the next 
quarter century. 


Projection of the Energy Demand-G.N.P. Relationship 


It is possible, using the statistical technique of correlation analysis to 
allow for expected developments in the economy as a whole. The result 
is a theoretical level of consumption which, while it fits closely past experi- 
ence, also allows for a marked acceleration in economic development 
generally. It is an interesting fact that energy requirements in this country 
have lagged progresssively behind G.N.P. Further changes in this relation- 
ship, together with the Commission’s expectations with regard to both 
population and worker productivity, are therefore taken into account when 
using this approach. 


From an inspection of a scatter diagram showing the relationship between 
energy consumption and G.N.P., it is apparent that the two series are 
intimately related. (See chart, Canada: 1980 Energy Forecast.) The 
correlation coefficient obtained for the data plotted was .99, which means 
that 98% of the changes experienced in this country’s gross energy supply 
can be explained by the estimating equation: 


Energy (10!? B.t.u.’s) = 310.54 + .20093 (G.N.P. in millions of 
1935-39$). 


In view of the high correlation obtained, the regression equation offers 
a reliable method for estimating the volume of energy which will be con- 
sumed for a given G.N.P. Based on data for the years 1926-54 (but omitting 
the years 1941-45), it has, been employed by us to obtain a forecast for 
the year 1980. 


Future expectations as to G.N.P. were obtained from the other Com- 
mission studies. These (in 1955 dollars) are for a high of $83 billion; a low 
of $71 billion; and a middle forecast of $77 billion in 1980. Introduced into 
the above equation, they yielded gross energy requirement forecasts of 
310 million, 265 million and 285 million tons of coal equivalent annually, 
25 years from now. 


In the past, energy requirements per units of G.N.P. have declined. If 
the average of the years 1926 to 1930 were taken as 100,-raw energy inputs 
over the interval 1936 to 1940 would be approximately 94; 1946 to 1950, 
87; and 1951 to 1955, 83. Continuing efficiency gains in this order of mag- 
nitude would imply an index in the order of 70 for the average five-year 
period centring on 1980. This, together with a nearly threefold multipli- 
cation of G.N.P. would result in a total demand for energy in the order of 
270 million tons. As stated elsewhere (see Appendix D), the scope for 
further improvements in efficiency is not as great as that which has 
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existed over the past two or three decades. In other words, an index of 
75 or even 80 might reasonably be chosen as applicable to the 1960’s and 
1970’s. Their use in turn would result in a total Canadian requirement in 
1980 in the order of 285 or 300 million tons of coal equivalent a year. 


CANADA: 1980 ENERGY FORECAST 


A THE RELATION BETWEEN ENERGY AND GROSS NATIONAL PRODUCT IS VERY CLOSE 
110 


ENERGY vs. G.N.P. 1926-1955 
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Projection as Related to the Nation’s Labour Force 


The use of energy per person in Canada has moved upward in irregular 
fashion since the turn of the century. It rose sharply between 1900 and 
1910. Thereafter, it remained virtually constant around five tons until the 
outbreak of World War II. Since 1939, however, a further 40% rise in 
the amount of energy used per person has occurred. Usage per capita, in 
other words, grew rapidly at the beginning and towards the end of this 
period. Yet there was an interval of 30 years (between 1910 and 1939) 
in which the nation’s total energy requirements and population moved 
more or less in step with each other. 


Because energy requirements are affected much more by economic con- 
ditions, there is a closer relationship between the energy supply and the 
working force than between the energy supply and population. The former 
was, therefore, chosen as the basis for projecting future needs. As in the 
case with G.N.P., the base period chosen was 1926 through to 1955 but 
omitting’ the war years. The historical relationship, which showed a degree 
of correlation of .95, is portrayed in the equation: 


log. Energy (102 B.t.u.’s) = —3.39539 + 1.83205 log. (Civilians em- 
ployed in thousands of persons). 
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For the future, the only variable was taken to be the working force. 
Assuming it rises from five million at the end of 1955 to nine million in 
1980, energy requirements in that year would be in the order of 260 million 
tons of coal equivalent. A 9.5 million labour force would result in a 290 
million ton coal equivalent demand; a 10 million employment figure, a 315 
million ton coal equivalent requirement 25 years from now. (See chart: 
Correlation Between Energy and Employment. ) 


CORRELATION BETWEEN ENERGY AND EMPLOYMENT 1926-1955 
AND DERIVED ENERGY FORECAST 1980 


MILLION TONS COAL EQUIVALENT 
MILLION TONS COAL EQUIVALENT 


THOUSANDS OF CIVILIAN PERSONS EMPLOYED 


Forecast of Demand by Principal End-Use 


Another approach, which is at the same time more descriptive of likely 
developments internal to the Canadian economy, can also be used in 
assessing future Canadian requirements. Individual projections relating to 
such major use categories as space heating, highway use and manufacturing 
can subsequently be added up to obtain a total figure for Canada in 1980. 
In following this procedure, greater attention must necessarily be paid to 
the nation’s export prospects, to the varying rates of growth of different 
industries and the increasing consumer preference for energy in its more 
highly manufactured forms. At the same time, past and future relationships 
between the different forms of energy are brought into somewhat better 
focus. The results, when spelled out in terms of the different energy sources, 
in so far as coal, oil, natural gas and water power are concerned, have 
then been employed as a check on the separate commodity projections as 
reported in Chapter 4. 
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Some idea of the relative importance of the individual energy use cate- 
gories can be obtained from the following table: 


Energy Consumption by End-Use, Canada, 1953 


End-use category Volume consumed Percentage of total 
; 10” B.t.u.’s 000 tons coal energy supply 
equivalent 

Residential and commercial 780 29,000 30.0 
Transportation BID 28,500 293 
Manufacturing and mining 600 22,200 230 
Non-fuel uses 140 5,200 55 
Energy industries: 

Production 15 500 0.5 

Processing 200 7,400 8.0 
Waste, unaccounted for, etc. 100 3,700 3.5 

Total supply 2,610 96,500 100.0 


Residential and commercial usage and transportation appear to be the 
two most important categories. Each presently accounts for about 30% 
of total Canadian energy requirements. Industry in the somewhat restricted 
sense of manufacturing and mining, meanwhile, employs about 23%. 
Another 9% is used up in energy production and ‘in the conversion of 
crude oil to refined products, coal to coke and gas and the various fuels 
to thermal power. Non-fuel uses, including chemical and metallurgical 
applications, presently account for about 5%. All industry, exclusive of 
transportation and the residential and commercial categories of use, con- 
sequently, absorbs 35% or more of the nation’s energy supply. 


Residential-commercial requirements 


At present, households and commercial establishments consume close to 
30% of the nation’s total energy supply. By far the largest application is 
space heating. For this reason, fuels provide nine-tenths of all the energy 
utilized in the nation’s homes, stores and other commercial establishments. 

However the Canadian climate is less of a penalty than it used to be, 
for the provision of comfort heat has been declining in relative importance. 
This is illustrated by the decline in residential-commercial energy require- 
ments relative to total national energy requirements. Expressed as a per- 
centage of the gross energy supply it has fallen from around 40% in the 
interwar period to around 28% at the present time. Meanwhile electricity 
has gained relative to the fuels, from negligible proportions in 1925 to the 
point where it now supplies about 10% of all energy consumed for resi- 
dential and commercial purposes. 


In per capita terms, the fuel input side has remained relatively stable. 
The amount of fuelwood, coal, oil and natural gas consumed per person 
has varied little from the mid-1920’s to the present. Such demand aug- 
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mented influences as fewer persons per household, more rooms heated 
continuously and higher average room temperatures have apparently been 
offset by improved building design, better insulation, more efficient fuel 
burning units and the widespread use of automatic controls. Statistically, 
we have, therefore, good reason to anchor our future projections of fuel 
requirements to population. Since the latter is expected to rise by approxi- 
mately 70%, the aggregate fuel needs of the residential-commercial sector 
have, therefore, been assumed to rise by a comparable amount over the 
next quarter century. 


Meanwhile, electric power will be used more extensively. The long-term 
upward trend (as described in Chapter 9) is of the order of 8% per annum. 
This is approximately four times the 2% yearly rate assumed -to apply to 
total fuel needs. 


Total Canadian residential-commercial requirements currently are in the 
order of 30 million tons of coal equivalent annually. Allowing for divergent 
rates of growth between the fuels and power, we arrive at an over-all 
requirement in the vicinity of 60 million tons in 1980. Of this, approxi- 
mately 20% will take the form of electricity. 


As to fuel supply, natural gas is expected to show the greatest gain while 
coal and wood consumption may decline both relatively and absolutely. 


Residential and Commercial Fuel Requirements 
(percentage of total consumption) 


1926 1939 1948 1953 1955 1965 1980 
Wood* 34 233} 28 Dak 18 13 5 
Coal? 64 58 Oy 7) 29 18 7, 
Oil* — 5 14 33 43 50 48 
Natural Gas* 2 4 6 9 10 19 40 
Total Fuel 100 100 100 100 100 100 100 


“Including sawdust and other wood wastes. 
>Including coke. 

‘Including oil refinery produced L.P.G.’s. 
‘Including natural gas liquids. 


Transportation requirements 


Energy consumed in the transport sector is herein assumed to include 
the requirements of the railroads, ships, aircraft, highway, and off-the-road 
vehicles. Allowances have also been made for oil and gas pipeline and 
electric power transmission and distribution losses. 


For many years between 25% and 30% of the nation’s gross energy 
supply has been devoted to the purpose of moving people and goods from 
one place to another. Meanwhile the modes of transportation themselves 
have changed considerably. So have the engines and the types of fuel and 
power devoted to this purpose. The automotive sector has increased tre- 
mendously; that of the railways declined. Shipping has no more than held 
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its own, while pipeline transportation in Canada is a development of the 
past decade. 


These trends, together with the more extensive use of the automobile 
for non-commercial purposes, have favoured oil. Gasoline consumption 
alone has grown from around 4% of the nation’s total energy purchases 
in 1926 to approximately 15% in 1955. The amount of coal burned in 
railway locomotives, meanwhile, has dropped from 20% to around 5% 
in the same period. 


Not only is this sector complex, in that the various modes of transportation 
and supply are changing, but efficiency in use varies considerably from one 
application to the next. It is also changing with time. For these several 
reasons it has been necessary to deal with each of the major uses separately, 
relying where possible upon other staff studies for forecasts of the future 
level of activity in the various individual transportation fields. 


Automotive requirements (and this includes the fuel needs of all auto- 
mobiles, trucks, tractors, and other similar mobile motor-driven equipment) 
may increase threefold during the next quarter century. That involved in 
driving automobiles may increase most; farm tractors and similar construc- 
tion equipment least. Trucks and other commercial vehicles may occupy 
a position somewhere between the two. 


There is considerable scope for efficiency gains in this area. The more 
extensive use of diesel power in commercial and off-the-road vehicles and 
equipment will have a moderating influence on demand. So would a stabili- 
zation of the horsepower ratings of the average automobile engine. It is 
largely on these grounds that a level of automotive needs in 1980 approxi- 
mately three times that reported in 1955 is estimated. 


In view of the numerous possibilities on the technological front a further 
cautionary note should be struck. Improved carburetion and higher com- 
pression ratios can result in greater fuel economies than those envisaged 
here. A reduction in idling time and a better matching of engine to con- 
tinous traffic requirements can have an even greater effect in this direction. 
Gas turbines, on the other hand, may be more wasteful of fuel. To the 


extent that they are introduced in smaller vehicles they will tend to offset — 


the higher energy economies which can be obtained through the more 
extensive use of diesel and other reciprocating engines. 


Efficiency considerations are paramount in any consideration of future 
railway requirements. With the gradual disappearance of the coal burning 
steam locomotive—Canadian railways will be almost completely dieselized 
by 1961—fuel purchases have declined sharply. During 1954 locomotives 
consumed the equivalent of 8.5 million tons of coal, of which the equivalent 
of 800,000 tons of coal was diesel oil. Yet diesel locomotives in that year 
performed—using less than 10% of all locomotive fuel—45% of all 
freight hauling; 55% of all switching and 15% of all passenger hauling. 
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Once the change to diesel locomotives has been completed the fuel re- 
quirements will move more in line with the level of railroad activity. The 
transportation study projects the latter as rising over the long-term at a 
2% per annum rate. This, together with an adjustment for the railway’s 
non-locomotive fuel uses, results in an energy requirement 25 years hence 
of about half that reported for 1955. 


Of this four million tons (coal equivalent) of fuel required in 1980, the 
great bulk will be oil. Some coal may however be employed in gas turbine 
locomotives employed on long hauls in eastern Canada. Natural gas liquids 
may also lend themselves to gas turbine use in Alberta and British Columbia. 
On the other hand, nuclear powered locomotives were not assumed to have 
reached a stage of development sufficient to allow their use on an appreciable 
scale a quarter century from now. 


Canada’s shipping now makes use of about 3% of the nation’s gross re- 
quirements. Two-thirds or more of this is oil. In this study it has been 
assumed that, with revenues increasing to between three and four times their 
present level, marine energy requirements might approximately double. Oil 
was assumed to take over approximately 90% of this market; nuclear energy 
and coal both 5%. 


The greatest relative growth will undoubtedly take place in aviation. Air 
traffic volume, both freight and passenger, may multiply six times or more 
by 1980. There is, at the same time, less latitude for fuel savings to be 
effected in this field. The gas turbine engine and particularly the turbo-jet 
offers few direct economies over its piston equipped counterpart. Appreci- 
able gains may however be made in marrying engines to aircraft and in 
designing air frames to fit more closely the requirements of particular types 
of services. With these savings in mind, a provisional fivefold increase in 
aviation fuel requirements has been forecast. The bulk of this will prob- 
ably be turbo-fuel rather than gasoline although both will have to be 
produced from crude oil. 


The following tables are designed both to show the changing relative 
importance of these different transportation fuel markets and to illustrate 
how these growing needs may be met. 


Transportation Energy Requirements by Type of Use 


(percentage of total consumption) 


Use category 1926 1939 1948 1953 1965 1980 
Automotive 14 Syl 34 48 66 63 
Railway 80 oe) 54 39 15 8 
Marine 6 13 9.0 8.7 Neher aS 
Airline —- 0.2 0.6 1.0 3 8 
Pipe and 

power lines — 2.8 2.4 Shee! a 13 
All transport 100 100 100 100 100 100 
Total in million 

tons of coal TES 14.3 24.0 28.6 42.0 72.0 


equivalent 
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Energy Used in Transportation by Source 


(percentage of total consumption) 


1926 1939 1948 1955 1965 1980 

Coal 74 54 54 pg 2 3 
Oil 25 43 43 70 93 86 
Gas* -- — — — Pe 2 
Electricity 1 3 3 3 3 6 
Total 100 100 100 100 100 100 


“Including natural gas liquids. 


Manufacturing and mining - 


Industrial requirements in the manufacturing! and mining sectors have, 
collectively, been mounting more rapidly than those of any other major 
use category. Amounting to some 17% of the nation’s total energy supply 
in 1926, they are now equivalent to about 23%. A measure of the absolute 
growth is given by the following table. It shows manufacturing and mining 
requirements multiplying approximately threefold while total Canadian 
energy usage rose only a little more than twice over the past 30 years. 


Energy for Industry vs. Total Energy 
(index: 1926 = 100) 


Year Industrial energy Total energy 
1926 100 100 
ie Pas 116 114 
1939 85 82 
1939 130 116 
1944 223 bi y 
1948 241 182 
19353 Zo va ie) 


While industry has been using more fuel and power, it has also been em- 
ploying these purchases more productively. Manufacturing and mining 
output, as measured in real dollar value, has, in other words, been rising at 
least as fast as, if not faster than, the energy intake of most manufacturing 
plants and mining concerns. This is confirmed by the more detailed inform- 
ation which is available for the years 1935 onward. Over the past two 
decades, the average annual rate of growth of energy consumption in manu- 
facturing has been of the order of 5%. Meanwhile, both manufacturing and 
mining activity has followed a more prononunced upward curve. Since the 
mid-1930’s, it has for manufacturing more nearly approximated 6% com- 


1Excluding such manufacturing industries as are engaged in the conversion of energy 
from one form to another, e.g. the refining of oil, the production of artificial gas and 
coke and the generation of electric power. 
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pounded. Over the short term, much wider fluctuations have occurred. 
These can be illustrated as follows. 


Energy per Unit of Manufacturing Production 
(index: 1929 — 100) 
1929 1933 1939 1944 1948 1953 
100 TR) 102 89 115 96 


Various reasons can be ascribed to these fluctuations. One is the 
increased efficiency with which energy, particularly the liquid fuels, is 
being put to work. Another is a continuing change in industrial structure. 
The primary processing, export oriented industries are relatively less 
important now then they were in the interwar period. Being less energy 
intensive, a relatively higher rate of growth in secondary manufacturing 
has therefore helped to moderate what otherwise would have resulted in a 
greater relative demand for both fuel and power. 


In attempting to look ahead 20 or 30 years, two different methods of 
projection can be applied. One involves an over-all judgment of the pros- 
pective rate of industrial growth. The other approach is to look at mining 
and each of the other major industrial manufacturing categories separately. 
Both, modified to the extent of expected efficiency improvements, will 
give an approximate order of the demand for energy in Canadian industry 
in 1980. 


The calculations appearing in the table Estimated Energy Requirements 
of Canadian Industry in 1980 make some allowance for changes in 
Canada’s industrial structure. Input-output judgments, as they apply to 
the future, have been derived from the more detailed statistical analysis 
represented graphically. (See chart: Consumption of Fuels in Canada 
by Principal Manufacturing Industries.) This method points to a threefold 
increase in requirements over the next quarter century. 


As a check, the past correlation between energy purchases and industrial 
output was projected ahead for 25 years. This indicates that a 4.5% annual 
growth rate in industry might result in a 4.3% increase in energy require- 
ments. Since such efficiency gains as have been accomplished over the past 
two or three decades are not as likely to be attained in the future, a 
parallel or 4.5% growth rate with respect to these fuel and power needs 
has been selected. In other words, total requirements in this sector may 
multiply approximately three times between now and 1980. That is to 
say, they may increase from approximately 23 million tons of coal equiva- 
lent to 70-75 million tons 25 years from now. 


Now as to supply: industry is presently demanding between one-fifth 
and one-quarter of its energy in the form of electricity. Over the long run, 
this proportion appears to be rising; the direct contribution of the fuels, 
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CONSUMPTION OF FUELS IN CANADA BY PRINCIPAL MANUFACTURING INDUSTRIES 
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declining. This tendency, together with the progressive shift from coal 
to oil and gas, is recorded statistically in the following table. The fore- 
casts for 1980 were made after examining closely similar data for the 
United States and particularly those areas where the liquid fuels have, 
for some time, been available in quantity and offered at prices fully competi- 
tive with the medium and higher grades of coal. 


Energy Consumption of Industry in Canada 1926-80 
(percentage of total) 


1926 1939 1955 1980 
Coal? 68 58 46 15 
Oil 6 9 22 30 
Gas? 4 6 ah oS 
Wood 7 2 1 — 
Electricity 15 25 24 30 


“Including coke. 
"Including natural gas liquids. 


Non-fuel uses 


The amount of coal, oil, and natural gas consumed for non-fuel pur- 
poses in 1955 was in the order of six million tons. It, therefore, amounted 
to 5% of total energy consumption. Slightly more than half of this, or 
more than three million tons, consisted of metallurgical coke. This was 
consumed largely in the production of primary iron and steel, although 
smaller amounts are also employed in the smelting of other metals. Between 
15% and 20% consisted of petroleum and natural gas liquids and natural 
gas feedstock, essentially in the production of organic chemicals. The 
remainder included such commodities as pitches, tars, and asphalts used 
in construction and such other crude oil products as lubricants, waxes, 
and petroleum coke. 


According to the Commission’s other staff studies, there is considerable 
scope for expansion in the majority, if not all, of these sectors. Metal- 
lurgical coke requirements may be about three times their 1955 level in 
1980. Construction expenditures and, hence, the demand for petroleum 
based building and paving materials may rise in similar fashion. Industrial 
chemical production may show a sixfold increase; petrochemical material 
requirements may rise even faster. The demand for petroleum coke, since 
it is essential to the electro-process industries, will also be required in 
substantially greater amounts. 


Summing up these somewhat divergent trends, we find that the total 
requirements in 1980 may be about four times its present tonnage. 
Amounting in 1980 to between 20 million and 25 million tons, it may 
represent 7% or 8% of the nation’s total needs 25 years from now. 
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Because of the growing importance of petrochemical production, oil 
and especially natural gas and the natural gas liquids, may share in- 
creasingly in this non-fuel market. Whereas coal in the form of coke 
presently supplies about 55% of the total, it may be down to about 45% 
in a quarter century. Crude oil and its products, meanwhile, may remain at 
about 40% while natural gas and its lighter by-products may contribute 
something like 15% as opposed to less than 5% of the total supply made 
available for this purpose in 1955. 


(percentage supplied by type of fuel) 


Year Coal* Oil Natural gas” 
1955 55 40 5 
1980 45 40 15 

*As coke. 


"Including natural gas liquids. 


Energy production and conversion 


A substantial amount of energy is used up or otherwise lost in the 
initial production of coal, oil and natural gas. More coal is being con- 
verted either to coke or to electricity and the products of crude oil are 
becoming more highly manufactured. All this calls for a greater input 
of energy. However, greater consumption in the energy producing sector 
has, meanwhile, been reducing the amounts required at subsequent stages in 
the economy, particularly in transportation and in manufacturing. 


At the present time, about 10% of the nation’s total energy supply 
is used to produce and process fuel and electricity. This proportion is 
bound to increase. It will rise as Canada moves from the position of a net 
importer to that of a net exporter of oil and natural gas. Production re- 
quirements, in other words, will grow along with this country’s increasing 
status as a source of liquid fuels. Energy processing—now much more 
important—may also gather in momentum. Until recently, confined largely 
to the refining of oil and the manufacture of coke and artificial gas, it 
will soon receive considerable impetus from the thermal generation of 
electricity based on coal, oil, and natural gas. 


The extent to which primary energy has been processed or otherwise con- 
verted to other forms has changed materially since the mid-1920’s. In 
1926, the ratio between that used in the natural state and that which had 
received some degree of processing was of the order of 4:1. Now, it is 
about 1:1. About half of the the energy needs of the economy, external to 
the energy producing sector are met through the use of coke, manufactured 
gas, refined petroleum production, and electricity manufactured from the 
fossil fuels. 
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The quantity of energy used up in this way has risen in parallel fashion. 
Only 5% of the total energy supply was used up in the conversion process 
in 1926. Presently about 10% is so employed. It is reasonable to expect 
that these happenings will speed up rather than slow down. So far, this 
sector of the Canadian economy has been physically very efficient. Coke 
and gas plant internal consumption and losses rarely exceed 15% of the 
raw fuel consumed. Only about 10% of the oil purchased by the refineries 
is utilized by the refineries themselves. Thermal power generation, on the 
other hand, involves losses of a different magnitude. The average over-all 
efficiency of the steam electric plant in this country is currently in the 
order of 20%. Even if this figure should rise to between 30% and 35% 
in the late 1970’s, it can be seen that the generation of electricity by thermal 
means will result in a substantial increase in non-productive requirements. 


The amount of energy consumed in the primary production of fuels in 
1980 will, of course, be related to the volume of fuel production. In- 
cluding the crude oil and natural gas destined for export, the total pro- 
duction of liquid fuels and coal is expected to be in the order of 400 million 
tons of coal equivalent or eight to nine times the current level of output. 
The energy required to produce this volume of coal, crude oil and natural 
gas, however, will increase only about six times from the current level 
of about 500,000 tons coal equivalent to about three million tons. Coal 
mining, which requires larger expenditures of energy than either crude 
oil or natural gas production (on a comparable basis), will become a 
smaller part of total fuel production as the years pass. 


The energy processing industries will grow more in line with the 
growth of the economy and, hence, their energy requirements and the 
losses associated with processing, will increase accordingly. Only in the 
field of electric power is this not true. Here, despite the continuing ex- 
pected improvement in thermal station efficiencies from just over 20% 
at present to about 35% by 1980, over-all losses will increase greatly 
because thermal generated electricity is growing as a percentage of all 
electricity. 


In the major energy processing industries, coke-making is expected 
to triple; oil refining to increase three and one-half times; while the losses 
associated with thermal power production increase from five to six times. 
In terms of coal equivalent, the total fuel requirement including losses will 
increase just over four times, to about 34 million tons. 


Having arrived at an estimate of the level of energy demand in each 
of the major end-use sectors, we now combine these estimates to obtain 
the total energy demand for the economy. 


Forecast of Demand by Region 


The nation’s mid-term fuel requirements have previously been dis- 
cussed, region by region, in Chapter 5. Included were projections ahead 
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Energy Demand by Major Use 1953 and 1980 


(millions of tons coal equivalent) 


Demand sector 1953 1980 
Volume Percentage Volume Percentage 
Residential and commercial 29.0 30 60 21 
Transportation : 28.5 29 22, 26 
Manufacturing and mining ED) 23 80 29 
Non-fuel uses ae 5 De: 8 
Energy industries 
Production 0.5 | > [44 
Processing 7.4 { 34 | 
Waste, unaccounted for ey 4 AG 2 
Total 96.5 100 280 100 


to 1965. Totalled up along with forecast demands for motor gasoline and 
water power, they point toward a 3.5% per annum increase in the demand 
for all types of energy over the next decade: 


(millions of tons coal equivalent) 


Rate of 
Region 1953 1965 increase 
Ontario 25.8 3255 25 90 
Quebec 12 172 RORY, 
British Columbia 4.6 8.8 Dy ie 
Prairies Tb 14.4 fi IE 
Atlantic 7.4 9.7 i270 
Total fuel 62.0 82.6 2.5076 
Add 
Gasoline L3 OP ae) Yo 
Water power 8 18.2 BML 
Net energy consumption 83 1255.5 31S) Ye 


The regional, even more than the end-use approach, tends to understate 
future requirements. Exceptional industrial developments are even more 
difficult to forecast in the case of individual areas. Also regional statistics 
pertaining to energy consumption are frequently deficient. Interprovincial 
movements, especially those pertaining to fuels which are employed by 
the railways and on the highways also tend to obscure such long-run 
relationships as might otherwise come to light in an analysis of this kind. 
Lacking supporting evidence, the estimates prepared in this way are usually 
conservative. For this reason no attempt was made, using the regional 
approach, to prepare a national projection to 1980. 
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Section III: Supply Estimate and the Commission’s Forecast 


The Supply Estimate 


In Part B the markets for the individual energy commodities were 
examined in some detail and supply projections were made both on the 
basis of historical growth rates and of future market demand. When brought 
together these individual forecasts provide yet another method for con- 
sidering the future energy requirements for the nation. These commodity 
forecasts have been assembled in the following table: 


Canada’s Energy Requirements in 19804 


Energy source Volume Millions of tons of Percentage 

coal equivalent each source 
Coal 55 million tons 55 16 
Petroleum 700 million bbl. 150 45 
Natural gas 2,000 billion cubic feet vie} 22 
Natural gas liquids 60 million bbl. 9 3 
Water power 300 billion k.w.h. 38 11 
Nuclear energy 43 billion k.w.h. 6 2 
Wood 3 million cords 2 1 
Total 335 100 


*As set out in Part B. 


The Commission’s Forecast 


The several projections of energy demand and supply which have been 
made in the preceding paragraphs are tabulated below. The average of 
these various projections is, in our view, the best expression of the volume 
of energy which will be required to meet the demands of the nation by 
1980. (See chart: Consumption of Energy in Canada 1926-1980). Con- 
sidering the methods employed the range of estimates is surprisingly small. 
Four of the five estimates are within 10% of the average, the fifth being 
within 15% of the 300 million tons of coal equivalent selected as the most 
likely to be needed in 1980. 


Forecasts of Energy Requirements 1980 


Method Millions of tons of coal Rate of growth 
equivalent 

Projection of gross 

supply 260 - 290 3.5 %-4 % 
Forecast of G.N.P. 26593 LO 3.5 % - 4.25% 
Forecast of labour force 260 - 315 3.5 % - 4.25% 
Sector analysis 280 3.75% 
Regional analysis oat be B.15Ne 
Supply analysis 230 4.5 % 


Commission’s forecast 300 4.25% 
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The most probable division of the energy market among the various 
sources as obtained from the last of these analyses is as follows: 


Energy Requirements 1980 


(each source as percentage of total supply) 


Coal Oil Naturalgasand Water Nuclear Wood 
natural gas liquids power energy 
16 45 25 11 2 1 


These proportions pertain to energy inputs, i.e. coal, oil, natural gas, 
water power, etc., in their raw state. Yet losses occur at all levels depending 
upon the type of energy employed and on the particular uses to which it 
is devoted.” Currently between 55% and 60% is wasted. Only 42% 
of Canada’s total energy supply was used effectively in 1953. 


It is expected that, over the next 25 years, a further improvement in 
efficiency will take place. Of the nation’s greatly expanded energy supply 
in 1980 slightly more than half will accomplish useful work or produce 
useful heat. In other words the next 25-year efficiency gain—still measured 
in national terms—wmay be in the order of 20%. If realized, it will be only 
slightly less than the improvement in efficiency experienced in Canada from 
the late 1920’s to date. - 


In the final table in this chapter the various energy sources have been 
ranked according to their effective contribution in the economy. Those 
which perform the greatest amount of useful work or supply the most 
heat appear as higher percentages. Those whose effective output is least 
appear as less important on the output scale. 


Relative Importance of Energy Sources in 1980 
Ranked According to Useful Energy Obtained 


(% contribution each source) 


Coal Oil Natural gasand Water Nuclear Wood 
natural gas liquids power energy 
13 34 2D 23 1 


It is interesting to note in this connection that water power will move 
ahead of coal over the next quarter century. Electricity from all sources, 
including hydro and nuclear power stations, will continue to be more 
important than natural gas. Oil, as now, will lead all others in both raw 
input and effective output terms. 


2Reference has been made to the concept of useful energy in earlier chapters. In 
Chapter 4 it was remarked that in 1953 coal supplied approximately 32%, petroleum 
39%, water power 19%, natural gas 5% and wood 5% of all the energy put effec- 
tively to use in that year. See also Appendix D. 
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CONSUMPTION OF ENERGY IN CANADA 1926-1980 (By Primary Source) 
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A COMPARISON WITH PROJECTIONS FOR OTHER COUNTRIES 


IN RECENT years a number of countries have become increasingly con- 
cerned about their energy supplies. Others, impressed by the rate at which 
consumption has been expanding, have attempted to make more efficient 
use of the fuel and power resources within their own immediate control. 
Recognizing the importance of energy in economic development, inter- 
national agencies have also carried out comprehensive studies of a technical 
and economic nature. Conferences have been called and a great deal of 
historical and forward-looking information has become available. This can 
be turned to advantage in forecasting the outlook for energy in Canada. 
(See chart: Per Capita Energy Consumption for Selected Countries 1870- 
1980.) 
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EQUIVALENT PER CAPITA ENERGY CONSUMPTION FOR SELECTED COUNTRIES 1870 - 1980 
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The range of prophecy is wide. Compound annual increases of 5% or 
more have been projected more or less indefinitely for the USS.R., 
certain of its satellites and for the majority of the Latin American countries. 
The long-run demand growth rate in Western Europe is meanwhile ex- 
pected to be in the order of 2.5%1 Falling midway between is a long-run 
forecast recently published by the United Nations.” It selects a 3.5% yearly 
increase in consumption as the one most likely to persist throughout the 
world as a whole during the 1960’s and 1970’s. 


Individual cases are interesting in that their tendency to run above or 
below this 3.5% norm can frequently be traced to one or two dominant 
influences. Among those leading towards a higher than average rate are 
a greater emphasis on primary processing, a relative decline in efficiency in 
use (such as accompanies a shift from hydro to thermal power), and 
exceptional increases in population and labour productivity. Holding 
consumption in check, on the other hand, are developments which lead 
more to secondary manufacturing and commercial activities, such improve- 
ments in efficiency as frequently accompany the greater use of liquid fuels, a 
tendency to import rather than export fuel and finally a slower rate of 
economic growth as measured by some such indicator as G.N.P. The 
United Kingdom, belatedly converting from coal to oil, is at one extreme. 
Energy demand there is forecast as rising at around 2% per annum over 
the next quarter century. Certain of the Middle Eastern countries are 
at the other. Some like Israel, whose population and labour productivity 
are rising rapidly, or Kuwait, where oil production and processing is 
overwhelmingly important, are experiencing sustained rates in excess of 
10% a year. 


For Western Europeans it is the middle range which holds the greatest 
interest. Most French authorities expect the 3% rate to prevail in their 
country through to 1975. Switzerland, despite the fact that many of her 
hydro-electric power resources have already been developed and the 
majority of her fuel needs have to be imported, anticipates that a long-run 
rate of 3.3% will prevail. The Scandinavians are more optimistic still. 
Official figures recently released by Sweden indicate a probable 3.5% rate 
through to 1980. A comprehensive study released by the O.E.E.C. early in 
1956 listed West German requirements as in the order of 4% compound 
over the next two decades. In view of these well considered expectations 
a yearly rate for Canada of 4% or even 4.5% a year does not appear 
unreasonable. ; | 


1The latest O.E.E.C. forecast for Western Europe envisages a 2.9% maximum, 2.5% 
medium and 2.1% minimum growth rate as prevailing through 1975. (See Europe's 
Growing Needs for Energy—How can they be met?, Paris, 1956. 

"Proceedings of the International Conference on the Peaceful Uses of Atomic 
Energy Vol. 1—World Energy Requirements, Geneva, 1955. 
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A point of reference is often to be found in statistics pertaining to 
the United States. The best-known United States projection, that of the 
Paley Commission published in 1952, envisaged a 3% annual rate trending 
upward from 1950 to 1975.3 Based upon assumptions as to population 
growth and improvements in productivity which now appear to have been 
unduly conservative, it has had to be revised upward. The United States 
Department of the Interior has more recently come up with a slightly 
higher forecast of around 3.25%. Various individuals and organizations 
reviewing recent trends have been inclined to go even higher. These views, 
reinforced by the knowledge that energy may become more readily available 
in Canada over the next 25 years lends additional weight to the arguments 
used for choosing 4% as outlined at the end of Chapter 6. 


Forecasts of energy requirements can be derived more or less directly 
from a projection of G.N.P. In earlier and less sophisticated studies the 
two were assumed to run in parallel. Thus, a 1% increase in G.N.P. re- 
sulted in a comparable rise in the demand for fuel and power. A closer 
examination of the facts often discredits such a highly simplified view of 
things. Usually energy inputs have lagged somewhat behind this all-inclusive 
measure of economic growth. In Western Europe a 1% rise in G.N.P. has, 
over the past decade, been accompanied by a 0.8% increase in energy 
demand. American analysts working in this field envisage 0.85 to 0.90 
as being more relevant to the next two or three decades in the United States. 
Our own forecast is for a ratio starting at 0.85 and rising progressively to 
0.95 during the 20-year to 30-year period under review. On the average 
over the next 25 years this is equivalent to a 0.92% rise in energy require- 
ments for every 1% rise in Canadian G.N.P. 


A shift in emphasis between uses often has (and in Canada’s case will 
have) a good deal to do with the rate at which national energy require- 
ments continue to change. The accompanying table—besides illustrating 
that usage, use sector by use sector, in this country will more nearly 
approximate that of North America as a whole—indicates that consumption 
by end-use in this country in 1980 may resemble that of the United States in 
the late 1940’s. The main differences may be proportionately greater 
requirements in manufacturing and less energy used (relative to the total) 
in households and commercial establishments. 


The most noticeable change is the increasing importance of the energy 
industries themselves as energy consumers. As a larger share of the total 
energy supply is processed, refined, or converted before use, the energy 
required for and the losses ensuing from these operations increases rapidly. 
More than 75% of the electric power supply is generated by thermal 
stations in the United States and, consequently, conversion losses are re- 
latively much greater than in Canada. In all the major end-uses, however, 


8See Resources for Freedom Vol. Ill, released by the U.S. President’s Materials Policy 
Commission, June, 1952. 
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Energy Consumption by End-Use 
(as percentage of total energy supply*) 


Major End-Use Canada United States 

1929 1939 1953. =: 1980 1929 1939 1947 1975° 
Energy” 7 8 11 15 16 17 18 30 
Manufacturing 20 20 24 31 24 22, 23 24 


All transportation 29 Ooh 30 28 29 30 28 20 
Domestic and 


commercial 40 42 30 23 28 28 29 23 
Other fuel uses 4 3 5 3 3 3 2 3 
Total 100 100 100 100 100 100 100 100 


“Excluding, for reasons of comparability, non-fuel uses. 
»Production and conversion. 
°‘Paley Commission forecast. 


the long-term trends in Canada correspond to the long-term trends of energy 
in the United States. (See also accompanying chart entitled, Relative 
Importance of Energy Sources—United States and Canada, for a com- 
parison of energy source projections. ) 


In all the more highly industrialized countries, oil and natural gas are 
expected to make the greatest contribution to growth. Coal, for a time, 
may fall or approximately hold its own. Eventually, thermal means must be 
found to supply most—if not all—of their electricity needs. Because of 
the relative abundance of liquid fuels and hydro power and the lack of in- 
digenous coal resources near Canada’s major industrial centres, greater 
reliance is likely to be placed on these more desirable forms of energy 
than in the United States and most parts of Western Europe. Nuclear 
energy, meanwhile, may make a more modest contribution to total energy 
demands in Canada. 


Relative Importance of the Primary Sources in 1980 
(percentage of total supply) 


Natural 
Country or region Coal Oil gas° Water power? Nuclear‘ etc. 
Canada 16 45 25 wf 3 
United States* pos) 38 ay, 1 2) 
Western Europe, 1975” 55) 34 2 4 5) 


°"U.S. Bureau of Mines, 1955. 

>Europe’s Growing Energy Needs, O.E.E.C. Report, 1956. Mh 
‘Including the natural gas liquids. 

‘Water power and nuclear energy are measured in terms of their contribution as 
electricity; nuclear percentages are based on 1957 estimates. 


Even more informative are the expected annual growth rates. In most 
cases, the utilization of coal is expected to rise less than that of energy 
as a whole. The demand for natural gas, meanwhile, is forecast as rising 
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at rates of 3% or more even in economies like the United States which 
already use it extensively. Oil may go up at around 4% or even 5% while 
the contribution of water power and nuclear energy will depend much more 
on such supply considerations as remaining undeveloped resources and the 
contribution of technology towards reducing the cost of electricity generally. 


Forecast Annual Rates of Increase in Demand 
(percentage per annum) 


Coal Oil Gas Water power Total energy 
Canada (1955-80) 2.0 4.5 9.0 6.0 4.0 
United States (1955-80) * pee 3.0 ees) 2D 3.0 
Western Europe (1955-75)” 0.5 5.0 7.0 4.0 Ze 


@U.S. Bureau of Mines, 1955. 
°O.E.E.C. Report, 1956. 
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IMPLICATIONS FOR THE REST OF THE ECONOMY 


THERE is no simple way in which the economic effects of a given industry 
or group of industries can be measured with accuracy. Statistics relating 
to their gross value of production are too comprehensive in that they 
include expenditures on goods and services produced in other sectors. 
Net value of production as reported by D.B.S. excludes only outlays on 
raw materials, fuel and electricity. It therefore exceeds the true value 
added by each industry to the extent of depreciation and payments for 
such business services as advertising. Data on salaries and wages, on the 
other hand, tend to understate its contribution. They make no allowance 
for the fact that capital and certain other resources internal to the industry’s 
operations are also vital to its continuance. 


Recognizing these shortcomings, attempts have been made in Canada 
and elsewhere to carry out a complete and internally consistent input- 
output analysis of the national economy, major sector by major sector 
and industry by industry. In so far as possible the latter approach has also 
been adopted in the following analysis. 


Comparisons in respect to international trade are useful. Yet dollar 
values are, again, gross values. Also commodity exports, regardless of 
their nature, are valued at their point of origin; not at the International 
Boundary. Hence, in circumstances where an industry is integrated to the 
extent that it not only produces but also transports its products to their 
destination outside of Canada, they therefore understate its contribution as 
an earner of foreign exchange. Import figures are different again. As 
published in Trade of Canada, they reflect the invoice price at point of 
entry. Provision for freight, insurance and handling charges, and duties 
and other taxes must consequently be made if the delivered cost to the 
importer is to be properly evaluated. 


Industries which purchase some part of their raw materials abroad, buy 
some of their machinery and equipment elsewhere, or are owned outside of 
Canada, further complicate matters. Tending to offset the sale of the 
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industry’s products outside of Canada are foreign expenditures on supplies 
and equipment and the payment of interest and dividends abroad. Allow- 
ances of this kind must therefore be made if the industry’s net earnings of 
foreign exchange are to be properly assessed. 


Investment expenditures covering new construction and the purchase 
for the first time of plant and equipment are also significant. However, 
as reported by D.B.S., they do not include amounts spent on such other 
transfer payments as the purchase of land, buildings and other existing 
physical assets. In some instances they therefore fall short of the industry’s 
own balance sheet accounting of capital investment by as much as 10% 
or even 20%. Also there is the matter of import content. The direct effect 
upon the Canadian economy of an investment programme, the associated 
demands of which are essentially for the services of Canadian contractors 
and Canadian building materials and equipment, is obviously greater than 
another of comparable size whose capital goods are largely produced 
elsewhere. 


In this chapter, each of these measures is reviewed in turn. Where 
possible each industry’s output has been measured in terms of Gross 
Domestic Product—an approximation, which itself, is directly comparable 
with such economic aggregates as G.N.P. However, since detailed input- 
output analyses have only been carried out for the year 1949, such long-run 
series as net value of production, employment, commodity exports and new 
capital investment have frequently been used in their stead. 


Value of Production 


Forward looking estimates of production have already been discussed 
in volume terms. In order to convert these into dollar figures, price esti- 
mates have also been prepared. A rise relative to the general price level 
results, naturally enough, in even higher value figures; no change in real 
price in a parallel movement in output values; and, where applicable, a 
decline in relative price in a falling behind of the value of production 
series. 


The following table summarizes the information available for 1955 
and includes estimates for 1980. It indicates that the gross value of output 
of Canada’s energy industries may increase to approximately five times its 
present level over the next quarter century. Sales of fuel and power in 
their raw or semi-processed or fully-processed forms may rise from around 
$1.9 billion in 1955 to about $10 billion 25 years from now. Currently the 
value added at all levels, from transportation and processing to distri- 
bution and marketing, is equivalent to about 7% of the nation’s G.N.P. 
Since the Canadian economy will be growing at a lesser rate over the next 
quarter century, the energy sector will be growing relatively in importance. 
In value terms it may be equivalent to around 13% of G.N.P. in 1980. 
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Estimated Value of Production 
Canada, 1955 and 1980 


(value in millions of 1955 dollars) 


1955 1980 


Industry category ($ millions) ($ millions) 

Exploration, development and primary 

production (gross value) 450 3,250 
Processing, conversion and power 

generation (net value) 710 3,000 
Transportation, distribution and 

marketing (net value) TDS 4,000 

Grand total 1,885 10,250 


Most striking changes will take place at the primary (or mining) and 
in the tertiary (or distribution and marketing) areas of activity. Stimulated 
by the increased search for oil and natural gas, primary output may 
multiply about sevenfold. A goodly part of this increased activity will be 
export induced. Meanwhile, the combined value of transportation, dis- 
tribution and marketing may reach more than five times their present 
level. Here electric power, followed by natural gas, is likely to make the 
greatest contribution to growth. Developments in the secondary (or 
processing) phase, are only less marked by comparison. They may multi- 
ply fourfold or more over the next 25 years. 


If one ignores the finding and producing phases of liquid fuel pro- 
duction and concentrates on processing and marketing it turns out that 
the value added by the electric power utilities will become commensurate 
with the combined refining, transportation and distribution operations of 
the oil and gas industries in 1980. The fact that domestic requirements for 
electricity may continue to grow at an annual rate of around 7% as com- 
pared with 5% in the case of most petroleum products, is largely res- 
ponsible for this. 


Estimated Gross Domestic Product (at Factor Cost) 
Canada, 1955 and 1980 


(value in millions of 1949 dollars) 


1955 1980 

Category ($ millions) ($ millions) 
All energy industries 970 5,000 
Total Canadian G.D.P. 19,390 55,400 
Energy industries/total Canada 5) 9 


These statistics, though they give an impression of relative rates of growth, 
must be reduced to the extent of purchases from other sectors of the 
economy if they are to be used in a direct comparison with Gross Domestic 
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Product. Such a conversion as is made in the following table also indicates 
that Canada’s energy industries are likely to grow relatively in importance. 
Accounting for around 5% of the total economic activity in this country 
in 1955, it may rise to around 9% in 1980. 


Employment 


Another and more tangible measure of growth is direct employment. 
The nation’s energy industries currently provide full-time jobs for some 
157 thousand Canadians. Based on the estimates of physical output re- 
ported elswhere in this study and the assumptions as to further improve- 
ments in labour productivity outlined in the next table, employment in the 
finding, production, processing, transportation, distribution and marketing 
phases of the nation’s fuel and power industries may amount to between 
350 thousand and 400 thousand persons in 1980. In its national per- 
spective, this performance is less striking than the outlook with regard to 
production. Twenty-five years hence about 3.7% of the nation’s total 
labour force will be working in these industries as compared with about 
3.2% at the present time. 


The extent of these changes will vary from one level to the next. The 
number of workers employed in the primary activities (i.e., in exploration 
and development and production) may increase by about 60%. Employ- 
ment on the woodlots, at the mines and in the oil and gas fields may rise 
about as fast, but no faster than, population. In the secondary or processing 
stage a two to threefold expansion is anticipated. Headed by the power 
generating stations, natural gas processing plants and oil refineries, manu- 
facturing may therefore offer more job opportunities than the stepped-up 
search for and production of oil and natural gas. In the transportation, dis- 
tribution and marketing area there appears to be even greater scope for 
growth. Openings in this connection may approximately treble over the 
next quarter century. 


Compensating forces will be at work. At the primary level the shutting 
down of coal mines and a dwindling market for fuelwood will release 
labour. This tendency will be more than offset by an intensification of 
the search for liquid fuel resources in western Canada. As far as 
processing is concerned, employment gains are expected to take place all 
along the line. More coal will be converted to coke, manufactured gas 
and electricity. Despite the effects of automation and a continuing ‘marked 
increase in productivity, oil refinery operations may supply twice as many 
job opportunities as they did in 1955. Purification of natural gas will 
also provide more openings. Yet, generating stations owned by the electric 
power utilities may eventually provide more employment opportunities 
for Canadians than all the nation’s crude oil refineries and natural gas 
processing plants combined. 
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In the service area, the retailing of coal and fuelwood may virtually 
cease. On the other hand the transmission, distribution and marketing of 
electricity and natural gas will become major employers of labour. The 
power utilities, between them, may provide jobs for as much as one-third 
of all the Canadians employed in the fuel and power sector of the economy 
a quarter century from now. 


It is difficult to obtain a measure, in terms of employment, of the activi- 
ties which will be dependent essentially upon export demand. Exploration 
and development, primary production and mainline transmission are the 
sectors involved. Since only about one-third of all the oil and natural 
gas produced in Canada in 1980 will be sold elsewhere it can be surmised 
that job opportunities for fewer than 30 thousand Canadians will be directly 
dependent upon export sales of energy 25 years hence. 


Estimated Employment in the Energy Industries 
Canada, 1955 and 1980 


Assumed. 
1955 1980 annual rate of 
Industry category (thousands) (thousands) increase of labour 
' productivity 

Exploration, development 

and mining 62 100 3.0% 
Processing, conversion and 

power generation 24 67 3.0% 
Transportation, distribution 

and marketing 5A 200 2.0% 

Grand total is 3 | 367 2.5% (approx.) 


Capital Investment 


A more impressive measure of the prospective growth of Canada’s 
energy industries is capital investment. Currently the nation’s fuel and 
power industries are investing $1 out of every $7 presently being spent 
on the creation of new physical assets in Canada. In 1955 more than 
$900 million was invested in exploration and development, production, 
processing, transportation, distribution and marketing in this country. 
Over the next quarter century this effort may increase to more than five 
times its present level. Thus, between $4.5 billion and $5.0 billion may 
be spent annually on the search for additional resources and new plant 


and equipment necessary to expand domestic consumption and exports in 
1980. 


If this is so, investment in the energy sector will increase relative to 
total invesment in all industries in Canada. At the present time about 
25% of all the capital being raised for this purpose in the industrial sector 
is being invested by individual firms and corporations concerned primarily 
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with the production and marketing of energy. The relationship to the 
national industrial total might be more like 40%, 25 years from now. 


New capital outlays are likely to increase most at the primary level; less 
so with respect to processing and distribution. Moneys spent on finding, 
development and primary production may be six or seven times that devoted 
to the establishment of fresh resources at the present time. Investments 
aimed at the expansion of oil refining, gas processing and electric power 
generating facilities may go up three or four times. Transportation, 
distribution and marketing meanwhile may call for five times as much 
capital in 1980. 


Estimated Value of New Investment in the Energy Industries 
Canada, 1955 and 1980 


(value in millions of 1955 dollars) 


Industry category 1955 1980 
($ millions) ($ millions) 
Exploration, development and 
primary production 2 1,800 
Processing, conversion and 
power generation 339 P50 
Transportation, distribution 
and marketing 320 1,650 
Grand total 930 4,800 


Though the investment outlays of the oil and gas companies tend to 
dominate these calculations, the power utilities will also be faced with the 
task of raising unprecedented amounts of capital. Of total new investment 
in the Canadian energy sector in 1955 that spent on new power generating 
plants, transmission grids and distribution systems amounted to about 
$425 million (or 45% of the total). In 1980 the nation’s power utilities 
may have to invest something like $2 billion each year in order to keep 
up with the annual increase in demand for electric power. The oil and gas 
industries by comparision may be investing between $2.5 billion and $3.0 
billion a year a quarter of a century from now. 


One of the most significant characteristics of the energy programme is 
its import content. Many of the specialized engineering services and much 
of the machinery and equipment employed by the oil and gas industries will 
continue to be purchased elsewhere. Thermal power generating equipment, 
numerous steel items and the services of market and other consultants will 
also continue to be purchased in the United States, the United Kingdom 
and Continental Europe. 


The import content of the average Canadian project is now around 25%. 
This will decline as a greater proportion of the necessary technical services, 
machinery and equipment and construction materials become available 
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from Canadian sources. In 1980 imports might be valued at around 15% 
of total capital investment. Due to the size of the over-all programme, 
some $700 million worth of foreign exchange would then have to be found 
to cover the purchase of capital goods in other countries. 


Total capital investment, as we have seen, may rise to between five and 
six times its present level by 1980. The impact of this expenditure on 
the Canadian economy will be even greater due to a proportionate rise 
in Canadian content. Were the latter to rise from an average of 75% to 
more like 85% of total capital outlays on fuel and power account in 
Canada, this could result in a better than sixfold multiplication in invest- 
ment generated activity in Canada over the next quarter century. 


Balance of Trade 


Already export developments in respect to oil and natural gas are having 
a noticeable effect upon Canada’s balance of trade. Exports are beginning 
to rise and imports to fall. Expenditures of foreign exchange on fuel and 
power commodity account exceeded earnings to the extent of a half billion 


Table 20 
ESTIMATED VALUE OF PRODUCTION?’ 
CANADA, 1955 AND 1980 
1955 1980 
($ million) ($ million) 
Primary 
Fuelwood 40 P25) 
Coal 90 100 
Crude oil 303 2,500 
Natural gas (clean dry) 15 500 
Natural gas liquids D 125 
Total 450 3,250 
Secondary (value added) 
Coal processing (coke and gas) a) 150 
Oil refining 350 1,000 
Gas processing 5 100 
Power generation 300 50 
Total 710 3,000 
Tertiary or service (value added) 
Coal and wood distribution 30 Ws) 
Oil pipelines 60 500 
Oil marketing 300 1,000 
Gas pipelines 10 475 
Gas distribution 25 500 
Power transmission and distribution 300 1,500 
Total WD 4,000 
Grand total 1,885 10,250 


aIn 1955 constant dollars. 
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dollars as recently as 1950. Even in 1955 Canada’s energy commodity 
balance was unfavourable to the extent of $438 million. Currently exports 
of energy account for less than 5% of the nation’s total commodity sales 
abroad. Imports of crude oil, petroleum products and coal, meanwhile, are 
equivalent to about 11% of all goods bought elsewhere for domestic 
consumption. 


The outlook for 1980 is encouraging. By then sales, particularly in the 
United States, of crude oil, natural gas and electricity may push Canadian 
earnings of foreign exchange up towards the $2 billion mark. Imports, 
meanwhile, may little more than double. Canada would then have a favour- 
able trade balance on energy commodity account to the extent of approxi- 
mately $1 billion. Under these circumstances sales elsewhere would 
account for between 15% and 20% of total Canadian visible exports. At 
the same time purchases outside the country of fuel and power might decline 
to around 10% of the value of Canada’s imports of all commodities. 


Table 21 


ESTIMATED EMPLOYMENT IN THE ENERGY INDUSTRIES 
CANADA, 1955 AND 1980 


1955 1980 
Primary activity 
Fuelwood 30,000 10,000 
Coal mining 16,000 10,000 
Oil development; production 15,000 80.000 
Gas development; production 1,500 : 
Total 62,500 100,000 
Secondary activity 
Coal processing 3,500 6,000 
Oil refineries 13,000 25,000 
Gas processing 300 6,000 
Power generation 7,000 30,000 
Total 23,800 67,000 
Tertiary (or service) activities 
Coal and wood distribution 10,000 4,000 
Oil pipelines 1,200 6,000 
Oil marketing 30,000 65,000 
Gas pipelines 500 5,000 
Gas distribution and marketing 2,000 30,000 
Power transmission, distribution 
and marketing 27,000 90,000 
Total 70,700 200,000 
Grand total 157,000 367,000 


In order to be comprehensive some allowance must be made for pur- 
chases elsewhere of engineering services, machinery and equipment, con- 
struction materials etc. Also additional demands in the form of interest 
payments and dividends paid to non-resident investors in the Canadian 
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fuel and power industries must be taken into account. Collectively these 
items are likely to be such as to approximately offset the $1 billion surplus 
on commodity account forecast for the average year 20 to 30 years in the 
future. 


Table 22 
ESTIMATED VALUE* OF NEW INVESTMENT 
IN THE ENERGY INDUSTRIES 
CANADA, 1955 AND 1980 
1955 1980 
($ millions) ($ millions) 
Primary 
Coal, fuelwood 7 20 
Crude oil 266 1,530 
Natural gas 2 250 
Total AS) 1,800 
Secondary 
Coal processing (coke and gas) 4 12 
Oil refining 103 288 
Gas processing 3 50 
Power generation 225 1,000 
Total 335) 1350 
Tertiary or service 
Coal and wood distribution n.a. a 
Oil pipelines 28 715 
Oil marketing 54 200 
Gas pipelines 18 5) 
Gas distribution 20 250 
Power transmission and distribution 200 1,050 
Total 320 1,650 
Grand total 930 4,800 
aIn constaat 1955 dollars. 
Commodity import content of new capital investment: 1955 = 25%; 1980 = 15%. 
Table 23 
ESTIMATED VALUE OF EXPORTS 
1955 AND 1980 
1955 1980 
($ millions) ($ millions) 
Coal 6 50 
Crude oil 36 1,500 
Petroleum products 4 25 
Natural gas 1 200 
Electricity 11 75 
Total energy exports 58 1,850 
Total Canadian exports 4,332 11,000 
Energy as a percentage of total exports 1.4 16.9 


1Dividends paid to owners may be assumed to be equivalent to about 20% of annual 
capital expenditures; see Investment Patterns in the World Petroleum Industry, p. 26, 
Chase Manhattan Bank, December, 1956. This is average experience over the past 
five years in the United States. 329 
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ESTIMATED VALUE OF IMPORTS 


1955 AND 1980 


Coal and coke 
Crude oil 
Petroleum products 
Natural gas 
Electricity 
Total energy imports 
Total Canadian imports 
Energy as a percentage of total imports 


Energy commodity trade balance: 
Imports/Exports in 1955 = $438 million. 
Exports/Imports in 1980 = $800 million. 


1955 
($ millions) 


114 
229 
150 


Table 24 


1980 
($ millions) 
300 
250 
450 
5) 
25 
1,050 
10,440 
10.0 


16 


GENERAL OBSERVATIONS 


FORECASTS, however compiled, reflect the various assumptions upon 
which they are based. Those described in this study are no exception. 
They will be altered materially should the Commission’s premises as to no 
all-out war, a continuing high level of employment and no marked changes 
in Canadian government policy, be overthrown by future events. They 
would also be disturbed were scientific or engineering developments of a 
revolutionary character to make their appearance during the forecast period 
under review. The foregoing forecasts, both of aggregate energy demand 
and in respect to individual commodities, would therefore have to be 
adjusted upward or downward depending upon the pace of technological 
developments. In this concluding chapter an attempt has been made to 
quantify the possible effect of these unforeseen developments; happenings 
which by their very nature could alter both the magnitude and direction of 
these trends in the late 1960’s and 1970’s. 


Of first importance is the assumed level of Canadian economic activity. 
Domestic requirements will be higher or lower depending upon the nation’s 
future output of goods and services. Were the Commission’s minimum 
assumptions as to population increase (25 million in 1980) and labour 
productivity (i.e. 2.5% per annum) to apply, the demand for energy— 
rather than being some 2.7 times the 1955 volume in 1980—might multi- 
ply 2.4 or 2.5 times over the next quarter century. On the other hand, 
should Canada’s population reach 28 million and productivity increase 
at the much higher rate of 3.25% per annum, the nation’s over-all re- 
quirements might be 3.2 times its 1955 level 25 years from now. There- 
fore, depending upon future developments with regard to G.N.P. we have 
a range of forecasts varying 15% either way from that described at the end 


of Chapter 7. 


Total expenditures on energy in Canada will rise or fall relative to 
G.N.P. depending upon (a) the relative movement of volume require- 
ments and (b) the trend upward or downward in real price at the consumer 
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level. The accompanying forecasts indicate that Canadian energy require- 
ments, when measured in physical terms, will rise somewhat more slowly 
than the G.N.P. It is also expected that the delivered price of energy will 
fall relative to that of other goods and services. The combined effect will 
therefore be to reduce total expenditures on fuel and power in Canada 
relative to economic activity in general. It is estimated that purchases at 
the wholesale and retail level will fall from approximately 10% of G.N.P. 
to around 8% of the total value of all goods and services produced in 
Canada in 1980. 


Meanwhile, the tendency in the United States may be for total expendi- 
tures on energy to remain about the same relative to that country’s G.N.P. 
Physical requirements (i.e. B.t.u.’s or tons of coal equivalent) may continue 
to lag somewhat behind economic activity generally. On the other hand the 
delivered price of energy may begin to rise relative to that of other goods 
and services in the United States. On balance, total outlays on energy in 
the United States may continue to run at between 6% and 7% of G.N.P. 
Were these expectations to be realized, the Canadian position would 
begin to approximate (but probably still be somewhat above) the North 
American average 25 years from now. 


A decline of 2% in user expenditures on energy relative to Canadian 
G.N.P. would, however, be of considerable economic significance. Spread 
uniformly over a 25-year period it would release a considerable volume of 
goods and services (roughly equivalent in magnitude to the nation’s G.N.P. 
in 1955) for consumption or investment in other lines of activity. Pro- 
ductivity over-all would have been increased and G.N.P. in later years 
would be higher to the extent of several per cent than would have been the 
case had the real price of fuel and power remained unchanged and no im- 
provement in efficiency of utilization taken place in Canada during the 
quarter century under review. 


Prospective happenings in the field of technology have even greater 
relevance in respect to the demand for individual commodities. Develop- 
ments in the field of nuclear energy, were they to be hastened along by 
several major scientific break-throughs, might reduce the over-all market 
for coal substantially and cause the upward trend in the sale of both oil 
and natural gas to moderate in the years ahead. Of even greater regional 
significance could be the position occupied by hydro-electric power. The 
ability of what are presently regarded as advantageous sites to attract new 
industry might therefore be reduced, or even eliminated, towards the end of 
the forecast period. Hydro-electricity, in other words, would be in lesser 
demand and its contribution to Canada’s future energy requirements cor- 
respondingly curtailed. 


Vis-a-vis coal, the impact of an accelerated nuclear energy programme 
would be felt where it hurts most; namely in the generation of electricity. 
Coal’s largest single prospective market might in this way be cut down 
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substantially. Residual oil and natural gas, to the extent that they are also 
in high-cost energy areas for the production of electric power would also be 
displaced—at least for base load purposes. Nuclear installations specially 
built for the production of process steam might also reduce the sale of 


fossil fuels in large volume industrial applications where price is a major 
consideration. 


Two major sectors will remain a preserve of the liquid fuels. Such uses 
as space heating, which are highly seasonal in character, or railway use 
and highway transportation, in which mobility is at a premium, are less 
likely to be affected by unforeseen developments with respect to the harness- 
ing of nuclear energy. ‘ 


A common expectation is that nuclear energy will be a boon to both 
underdeveloped nations and outlying areas like northern Canada. This is 
not necessarily so. It looks now as if the nuclear power plants of the 
future will spring up first in and around the more highly industrialized 
centres and, by helping them to overcome their energy problems, contribute 
along with many other factors to the further centralization of economic 
activity. Various technological, financial and market factors are already 
working in this direction. Given a source of energy—a weightless fuel 
which can be transported at very little cost and burned in plants which can 
be set up anywhere—these tendencies are likely to be reinforced. Such 
locational influences as are still being exerted by the fossil fuels and water 
power resources would be further reduced. Other determinants, like the 
existence all in one place or area of a bulky and comparatively unique raw 
material, would be the only ones left to counter the pull of the market. 


Capital costs, at least at the outset, will be high. Interest rates will, 
therefore, be an important determinant of economic feasibility. Where they 
are well above the average prevailing on this Continent, the cost of nuclear 
energy, either as electricity or process heat, will probably be prohibitive. 
This is true of much of South America, many of the African countries and 
of India and most of southeast Asia where political uncertainty is a con- 
tributing factor. There, interest rates below 10% are unheard of, whereas 
it might be possible to raise funds for this purpose for less than 4% in 
Canada, the United States and a number of Western European countries. 
If we fall back on our assumption that half or more of our nuclear power 
costs will be of a capital nature, it looks as if the rates which will have to 
be charged in these lesser developed countries may be several times those 
for which it could be produced on this Continent, in the United Kingdom 
or in several countries in Western Europe. 


There will also be a marked variation between countries due to the 
availability (or lack of) skilled labour, competent construction firms, suit- 
able repair facilities and supporting manufacturing industries of the chemi- 
cal and metallurgical type which are necessary to minimize fuel and other 
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operating costs. Processing charges in so far as they relate to exposed 
material will also differ from country to country. These are among the 
reasons why it may be erroneous to assume a rapid levelling out of power 
costs between regions merely because the cost of fissionable material from 
one part of the globe to another may be a negligible portion of the total. 


There is yet another group of factors which may disturb this assumption 
of uniformity. These are the economies of scale—economies which follow 
from the fact that investment in nuclear stations and their auxiliary equip- 
ment may rise much more slowly than their generating capability. This is 
the same thing as saying that there will probably be an inverse relationship 
between the size of the market and the cost of atomic power. Those coun- 
tries or localities which are able to absorb large blocks of new power would, 
therefore, be in the best position to minimize costs. But those whose 
demands are small, irregular or growing only slowly are likely to pay a 
heavy penalty for that reason. 


Fuel deficient countries or regions where fuel costs are on the increase 
where money can be made available at comparatively low interest rates and 
where the supporting industry and technical competence are available, will 
have the greatest incentive to participate in these new developments. For 
instance, the United Kingdom will continue to press ahead in this field 
because its own ability to produce coal is limited and the remainder of its 
conventional energy requirements must be imported. To survive economic- 
ally the United Kingdom must export. To export she must be in the van- 
guard of industrial progress; particularly in the fields of machinery and 
equipment. Power production is one of the most promising of these. Her 
future trade policy and those of her principal exporting firms will therefore 
be directed increasingly towards the manufacture and fuelling of atomic 
installations. Western Germany and Japan are other countries in a similar 
position. They can therefore be expected to be in the forefront in so far as 
the widespread use of nuclear energy is concerned. 


In looking back over all that has been written several points stand out. 
Energy, in the physical sense, is not likely to be a scarce commodity. 
Neither will it become unduly expensive. As costs are reduced nuclear 
power and nuclear produced heat will set a ceiling on the price of alterna- 
tive forms of energy. Technological developments, as yet unforeseen, may 
affect the forecasts outlined in earlier chapters. Yet they are unlikely to be 
such as to effect a major economic revolution. Limited by the rate at 
which new capital can be raised and invested, they may however bring 
about economies in the order of 1% or 2% of G.N.P. during the 20-year to 
30-year period under review. 


Meanwhile increased quantities of oil and natural gas will be moving 
from the major producing regions to the principal industrial areas of the 
world. Nuclear materials including uranium-235 and thorium will also be 
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in demand. Canada, besides providing for most of her domestic require- 
ments, will have an opportunity to export a number of these commodities. 
Autarchy may one day be possible with respect to energy. However, over 
the next 25 years the materials essential to its effective application will 


probably gain relative to all other goods and services entering into interna- 
tional trade. 
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APPENDICES 


Appendix A 


TRENDS IN OIL EXPLORATION, DEVELOPMENT AND 
PRODUCTION COSTS 


IN ORDER to assess Canada’s competitive position as a producer of oil 
(and, to a lesser extent of natural gas) it was necessary to: 


(a) obtain some idea of present-day costs of finding and producing oil 
in Canada, the United States and elsewhere; 


(b) determine the direction in which these costs may move, one relative 
to the other, over the next two or three decades. 


A detail cost study, prepared by H. J. Struth and published in World 
Petroleum in 1955 was used as a starting point. Descriptive of trends in the 
United States and covering the years from 1933 to 1955, it provided the 
necessary methodology for making a similar analysis of exploration and 
development, production and other costs in western Canada. Subsequently, 
two other American cost analyses became available. One, published in 
July, 1955, was by R. Granier de Lilliac and Gilbert Lugol. The other, 
the results of which were released early in 1956, (and hereinafter referred 
to as the Joint Survey) was carried out by the American Petroleum Institute, 
the Independent Petroleum Association of America and the Mid-Continent 
Oil and Gas Association. These findings, together with Canadian data and 
supplementary information on proven reserves, production and wellhead 
prices were used to build up rough comparisons of costs and profit between 
Canada and the United States for the years from 1951 to 1954. 


The following results, though differing in some instances from estimates 
prepared at our request by the industry, lead to similar conclusions, namely 
that: (a) finding costs have been lower and production costs much lower 
in western Canada than in the United States and (b) tending to offset these 
advantages has been the lower return at the wellhead imposed by greater 
distance to markets, United States import tariffs, less revenue from the 
sale of natural gas and the longer payout period resulting from a greater 
measure of shut-in capacity. 


As time passes, the relationships indicated in the following tabulation of 
costs will change. On balance, they should make Canadian operations 
relatively more profitable. The following observations, since they point 
towards an increasing competitive advantage for Canadian producers, are 
essentially consistent with the optimistic views regarding crude oil discover- 
ies and production expressed earlier in this report. 
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Costs of Oil Exploration, Development and Production 
in Canada and United States 


1951-54 
(dollars per barrel) 
Canada United States 
A 
Receipts easy | 2.64 3.17 
Discovery and acquisition cost 0.62 0.73 0.68 
Development cost 0.41 0.43 0.81 
Production cost 0.45 OT? 0.60 
Cost before taxes 1.48 1°93 202 
Margin before taxes 1.03 0.71 1.08 
Rate of return before taxes* 8%" 71% 71%2% 


*The rate of return before taxes is based on a discounting of future worth. 
»Based on long-term production cost of 65¢ a barrel. 


Notes: Canada Cost Survey—These estimates are based on studies by several com- 
panies, government agencies and industrial consultants, and represent average con- 
ditions for the four-year period 1951-54. The value of receipts is a four-year 
average of crude petroleum sales. Total discovery and development costs are 
divided by working interest reserves to give unit discovery and development costs. 
All customary exploration and development expenses are included. Although reser- 
vation fees and bonuses are charged to exploration, lease bonuses are charged 
to development. Working interest production is also used in computing unit 
production cost. (Average royalty rate taken to be 12.5%.) Reserve additions 
were based on the four-year average. All data apply predominantly to Alberta as 
oil industry activity was largely concentrated in that province during the period 
under review. 

United States Cost Survey (A)—The exploration and development estimates are 
based on the studies of H. J. Struth and represent a weighted average for the four- 
year period, 1951-54. A working interest basis is used, with average royalty taken 
to be 15%. Production costs are for 1953 and are based on studies by R. Granier 
de Lilliac and Gilbert Lugol. Revenues are from crude petroleum only and apply 
to those United States crudes with which Canadian crudes must compete. 

United States Cost Survey (B)—These estimates for 1953 are derived from the 
Joint Survey of A.P.I., I.P.A.A. and Mid-Continent Oil and Gas Association. 
Certain adjustments have been made: the deduction of service well costs from 
development expenditures, computation on a working interest basis and the deduc- 
tion of royalties from production expenditures, the calculation of exploration and 
development costs in terms of average additions to reserves for the period of 1951- 
1954 rather than against production. Revenue in this survey is the sum of income 
from crude oil, natural gas, royalty owned by the operator and other lease revenues. 


Since 1950, the typical Canadian producer has received less for'‘his oil 
than his American counterpart. Serving more remote markets, unable to 
find an outlet for much of the natural gas he has found, and with the 
Canadian dollar at a premium, his net-back at the wellhead has been lower 
to the extent of 13¢ or more a barrel. 


Between now and 1980 a number of influences will be at work, some 
tending to narrow and others to broaden this gap in receipts. A continuing 
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rise in exploration and development costs in the United States leading to 
higher wellhead prices there would help to raise the price netback at the 
wellhead in western Canada. This would be true particularly in circum- 
stances where the main markets served were inland and, hence, protected 
by distance from offshore competition from the cheaper Middle East crudes. 
Inflation per se, possibly reinforced by a rise in price relative to other com- 
modities would also help to reduce the penalty of the 10.5¢ United States 
tariff on crude petroleum. A ready market for natural gas and natural gas 
liquids will also have a beneficial effect, as would a parity, or less than 
parity, position of the Canadian relative to the United States dollar. 


On the other hand, the need for Canadian oil to push outward to more 
distant markets would tend to widen the existing price differential. A 
further 10% reduction may be necessary to enter outlets of sufficient volume 
to match the capacity of the Canadian oil fields. In allowing for this one 
might, on balance, assume a continuation of the present Canada-United 
States wellhead price differential. Though perhaps unduly pessimistic on the 
Canadian side it provides us with revenue data against which the ac- 
companying cost estimates can be assessed with greater confidence. 


In recent years, discovery and acquisition costs in Canada have been 
10% to 15% lower than those reported in the United States. This is a 
margin which may well widen with time as evidenced by H. J. Struth’s 
studies for the United States, which show that initial finding costs are 
reduced when revisions in reserves are later allocated back to the year of 
original discovery. Exploration activity stimulated by expanding markets, 
and development drilling carried out as a result of government lease obliga- 
tions or in response to greater demand, usually result in proving up more oil 
than is conservatively estimated to have been found at the time of discovery. 
In other words a greater number of barrels of reserves are actually found to 
exist per exploratory dollar spent than earlier calculations tend to indicate. 
Over-estimates of the per barrel costs of finding oil are not uncommon in 
new territory such as western Canada where exploration activity is con- 
tinuing well ahead of development drilling. 


This contention is substantiated by United States data (see Table 1 of this 
appendix) listing the cost of finding oil in the United States, year by year, be- 
tween 1933 and 1954. In reporting the initial, as well as the revised, cost of 
finding oil, it shows exploratory costs, as originally computed, as being 
well above the long-run average expenditure devoted to finding of oil and 
natural gas. There is sufficient cost history in the United States to make 
such revisions. In Canada there is not. Consequently, the differences in 
exploration costs between the two countries may turn out to be larger than 
is now indicated. 


Recent United States increases in discovery costs are also worthy of note. 
Should they persist—and United States producers argue vehemently that 
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this will be the case—they may result in a further comparative cost advan- 
tage for western Canadian producers. Western Canada discovery costs may 
rise, too, but not at the same rate as United States costs. 


Development costs are also lower than in the United States. Here it 
should be noted that the Canadian analysis for the years 1951 to 1954 
is somewhat more akin to that of the Joint Survey or B computation for 
the United States since the latter also reflects gas well expenditures and 
includes a more complete accounting of cash outlays in respect to the 
purchase of capital equipment, than was incorporated in the A computation. 


Production costs in Canada, being confined to new fields, are well below 
the North American average. However, as the age of the Canadian fields 
increases, they will rise. Pumping will become more general, water drives 
may have to be used, and other special techniques will have to be employed 
to maintain efficient rates of output. Costs will also tend to rise as develop- 
ment activity takes place in the more isolated areas of western Canada. In 
calculating rates of return, it is therefore inadvisable to use recent experi- 
ence. Rather, an expected long-run average rate should be employed. In the 
preceding analysis an average production cost of 65¢ a barrel was used 
instead of the 1951-54 Canadian average of 42¢. The underlying assump- 
tion, like that pertaining to development costs, is that Canadian and 
American experience will tend to run parallel, one following the course 
traced out by the other over the next quarter century. 


By adding up the foregoing costs and deducting them from the initial 
accounting of receipts, we obtain an estimate of the industry’s margin of 
profit before taxes. For the years 1951 to 1954, the net position in Canada 
appeared to be in the order of $1.03 a barrel; in the United States, it varied 
between 71¢ and $1.08. In order to relate this to investment, further 
assumptions had to be made as to the immediate marketability of Canadian 
and American oil resources. 


During the next few years, wells in the United States will be flowing at 
rates approaching at times the maximum allowed by sound conservation 
practice. Canadian oil reserves, on the other hand, will be shut in to a 
greater extent. More oil, though discovered and partially developed, will 
remain idle in the ground in Canada. A lack of immediate outlets will be 
tying up capital—capital upon which interest and other charges, pons 
less, will have to be paid. 


With only a moderate amount of their oil producibility shut in, the rate 
of return before taxes, enjoyed by companies in the United States, appears 
to have been in the order of 7% or 7.5%. In Canada the rate for the 
period 1951-54 was about 8%; this, even though a much greater proportion 
of the country’s proven oil reserves was rendered idle by a lack of effective 
demand. 
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The chart: Oil Industry Revenue Assumptions for Typical Producing 
Fields in Canada and the United States shows curves used in computing the 
rate of return on investment before taxes. In Figure IA the curve of gross 
receipts is based on the average production curve established by R. Granier 
de Lilliac and Gilbert Lugol for a typical United States oil pool.t From the 
curve of gross receipts, royalty payments and production costs are deducted 
to give a curve of net receipts. By discounting the curve of net receipts at 
the appropriate rate, present worth of oil income may be equated to invest- 
ment in exploration and development activities. For the typical United 
States oil pool the discount rate is computed at 7%, using cost and revenue 
data as set out for the A survey shown in the first table in this appendix. The 


curves are shown in Figure IA. Using the B Survey data, the discount rate 
becomes 7.5%. 


In Figure ID similar curves are drawn for a typical Alberta oil pool 
based on 1951-54 cost and revenue experience. It should be noted, how- 
ever, that the long-term production cost of 65¢ a barrel was used rather 
than the actual 1951-54 cost of 45¢. This results in a discount rate, or rate 
of return before taxes, of 7%. Production in Alberta has in the past 
proceeded at a much lower annual percentage rate in terms of oil reserves 
than has been the case in the United States due to inaccessability to adequate 
markets. Consequently Figure ID shows gross receipts in the early years of 
production to be at a much lower percentage rate than is the case for the 
United States curve in Figure IA. 


It was considered that whereas the United States production experience 
over a period of time is typified in Curve IA, Curve ID may understate the 
typical Canadian oil field performance. Curves IB and IC present situations 
in which production proceeds at the rates of 7.5% and 6.5%, respectively, 
of total reserves for several years after the initial build-up period of three 
years, instead of at the rate of 5.5% as illustrated in Figure ID. While it 
might not be expected that oil reservoir withdrawals will take place in the 
early years at the rate of 8.5%, as illustrated in Figure IA for United States 
fields, it is quite possible that the 1951-54 experience in Canada may be 
below the average rate of production for a typical Canadian pool during 
the next 25 years. It thus is possible that a rate of return computed from 
such curves as are shown in Figures IB or IC should be used in making a 
comparison with the typical United States curves of income. The supposi- 
tion set out in Figure IB indicates a rate of return of 9%; that of Figure 
IC, 8%. The conclusion reached in this study, as set out at the beginning 
of this appendix, is that a rate of return of 8% before taxes is representative 
of Canadian conditions which give fair comparison with cost and revenue 
experience presented by the typical United States curve shown in Figure IA. 


*“Cost of Exploration and Production in the United States”, R. Granier de Lilliac 
and Gilbert Lugol, The Petroleum Engineer, July, 1955, pp. B-40—B-62. 
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Over time and with expanding markets, the Canadian position cannot 
but improve. Since it is expected that, by 1980, oil originating on this 
continent will be a comparatively scarce resource, the foregoing analysis 
provides strong grounds for assuming that the funds necessary to support 


a large and expanding programme of exploration and development in this 
country will, in fact, be forthcoming. 


Table 1 
COST OF FINDING OIL IN THE UNITED STATES 
1933-54 
(three-year moving averages) 
(value per working interest barrel) 

Current dollars Index Constant dollars 
Initial Revised 1926 — 100 Initial Revised 
1933-35 .169 .109 65.9 .256 165 
1934-36 wis} .087 74.9 .176 .116 
1935-37 .134 .087 80.0 .167 .109 
1936-38 ele y | .106 80.8 .162 Alls) 
1937-39 nLSya/ A1B)5) 86.3 .182 .156 
1938-40 201; 189 78.6 256 .240 
1939-41 Lf) 198 HAM 362 ork 
1940-42 360 281 78.6 .458 358 
1941-43 .442 .263 87.3 506 301 
1942-44 490, POS 98.8 .496 281 
1943-45 Po, 275 103.1 Soy bl .267 
1944-46 544 305 104.1 SPAS 293 
1945-47 564 B28} 105.8 oS 305 
1946-48 578 360 IPI 477 297 
1947-49 54 ol4 leva 364 .246 
1948-50 601 425 165.1 364 Si 
1949-5] .626 .468 155.0 .404 302 
1950-52 .769 588 161.5 .476 364 
1951-53 .886 .749 180.4 491 415 
1952-54 1.073 — LTT .625 a 

U.S. general wholesale prices index was used 1926 — 100 


SOURCE: Abstract of article by H. J. Struth, published in W orld Petroleum, July, 1955. 


346 


Appendix B 


A NOTE ON TRANSPORTING ENERGY: COMPARATIVE COSTS 


For consumers at some distance from sources of supply, transportation 
is an important item in the delivered cost of energy. Therefore, it is often 
a significant factor in determining the competitiveness of energy in the 
various forms in which it may be made available. The relative cheapness of 
ocean tanker and pipeline operation, combined with the other virtues of 
liquid fuels, has been instrumental in creating a global supply of these highly 
competitive forms of energy. But these methods of transport are still 
evolving, as are those used for the movement of other fuels. Is there any 
ready way, therefore, in which we can compare the cost factors involved 
in moving energy by tanker, by pipeline, by high tension wire, by rail and 
by collier? If so, what are the comparative cost advantages of each? 


The choice of means depends on many considerations, including the 
ease with which carrying capacity can be enlarged, the degree of flexibility 
in meeting varying demands, the load factor, the directness or otherwise of 
the route followed and the cost of transport itself. An ocean tanker fleet 
has one great advantage, that of flexibility. Tankers can be moved from 
one trade route to another. In common with most other specialized trans- 
port vehicles, the tanker normally hauls a one way load. But the load 
factor—by which is meant the relation of peak use to average use—can be 
controlled, as seasonality in the demand for tanker transport can be met 
in large part by the provision of tankage at loading ports and destinations. 


The capital cost of tanker transport, on the other hand, is heavy. A 
new tanker type vessel of approximately 16,000 tons costs about $5 million. 
A super-tanker of 30,000 tons deadweight would cost around $7.5 million. 
A desirable feature of tanker transportation is, however, that additional 
capacity can be constructed gradually and in relatively small increments. 


In any appraisal of the value of alternative transport methods, the divi- 
sion between fixed and variable costs is important. Variable costs pre- 
dominate the transport of petroleum by ocean tanker. In most British and 
Canadian vessels, labour, fuel and repairs comprise about 80% of the total. 
Labour cost of seagoing personnel, currently representing about 30% of 
total costs, have risen to such an extent in recent years as to practically offset 
the technical improvements in tanker design and construction. The cost of 
delivering light gravity oil coastwise by the newer, large tankers from the 
Caribbean up into the Maritimes and southern Quebec would appear to 
range from 1.0¢ to 1.5¢ a barrel per 100 statute miles. 
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When there is no restriction in the supply of materials, new, large dia- 
meter oil pipeline capacity can, at times, be constructed more cheaply than 
its equivalent in the shape of ocean-going tankers. Granted it is impossible 
to provide pipeline capacity for long distance movements in small increments, 
for the justification for long distance line may depend upon initial flows of 
up to 200 thousand barrels a day. Pipelines are also at a disadvantage in 
relation to tankers in that a pipeline route is inflexible. Hence, unlike invest- 
ment in tankers, pipeline construction has to be justified on broad forecasts 


or assumptions as to the flow of traffic over a particular route for many years 
ahead. 


The capital cost of large-diameter long distance pipelines is also high. 
For a 2,000-mile, 30-inch line the original investment may be in excess of 
$150 million. Unlike tanker transport costs, pipeline operating costs are 
largely fixed, the variable elements of the total cost of operation being 
within a range of 15% and 20%. The extra cost of transporting additional 
volumes of oil within the capacity of an established pipeline system is, there- 
fore, small. In most cases, it is limited to additional pumping power costs 
and taxes. On this continent, delivery of a light oil over modern long distance 
30-inch pipeline, operating close to capacity, can be accomplished for around 
2.0¢ to 3.0¢ a barrel for every 100 miles. 


Natural gas pipelines are subject to advantages and limitations similar 
to those of oil lines, but load factor is even more important, owing to much 
wider seasonal variations and demand than occur in respect to oil. The 
largest lines on this continent have required capital investments in the order 
of $300 million. The fixed costs of natural gas lines on the larger 30-inch 
to 36-inch lines fall within the bracket of 1.1¢ to 1.6¢ per thousand cubic 
feet per 100 miles. 


High tension lines for the transmission of electrical energy have some of 
the economic characteristics of pipelines. However, the lines themselves 
can be built more quickly, and the flexibility of high tension line trans- 
mission lies somewhere between the flexibility of the pipeline and the 
extreme flexibility of tanker transport, with a position somewhat closer to 
the latter. Movements of electric power, however, do not usually exceed 
300 miles, although there are already important exceptions to this rule. 
Load factor considerations are often crucial. Fluctuation in demand for 
power is a major problem since electrical energy cannot be stored. Also, 
the original cost of high tension electric lines is relatively high, and, as in 
the case of pipelines, transmission costs consist predominately of fixed costs. 
From 0.04¢ to 0.05¢ per kilowatt-hour per 100 miles, appears to be a fair 
example of high-voltage, large power transmission costs in Canada. 


Bituminous coal is still the principal source of energy on this continent. 
Much of the coal now used is moved by rail transport, but, because rail 
routes are often circuitous, at relatively high freight rates, representative 
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rates for the transport of bituminous coal by rail range from 70¢ to 80¢ 
per short ton per 100 miles. Waterborne movement of coal, where possi- 
ble, has many of the attributes of the transport of oil by tankers, and by 
large colliers the cost per 100 miles lies between 25¢ and 30¢ per short 
ton. 


Table 1 
COST OF TRANSPORTING ENERGY 
Cost 
Form of Transmission Distance Cost per Conversion equivalent” 
energy method (miles) Unit 100 mi. factor cost/ton/ 
: (cents) to B.t.u.’s* 100 mi. 
(cents) 
Petroleum Super- coastwise Bbl.-34° 
tanker gravity OR towels 6,000,000 AS tom Ou) 
Petroleum 30-in. dia. Bbl.-34° 
pipeline 2,000 gravity 2.0 tors -0 6,000,000 9.0to 13.5 
Natural 34-in. dia. thousand 
gas pipeline 2,000 cu. ft. fleet OmmlG 1,050,000 28.0to 40.8 
Electric high tension 
power line 400 k.w.h. 0.04 to 0.05 BAN SIGS) 1) SE Sia) 
Bituminous 
coal railroad 1,500 short ton 70.0 to80.0 27,000,000 70.0to 80.0 
Bituminous 
coal collier coastwise short ton 25.0 to30.0 27,000,000 25.0to 30.0 


aThese figures do not take into account relative efficiency in use. 
b27 million B.t.u. or one short ton of coal equivalent. 


The relationship between the cost of transmitting different forms of 
energy by various methods of conveyance are set out in the accompanying 
table. It shows that: 


(a)oil can be transported more cheaply either by tanker or by large 
diameter pipeline than can the alternative forms of energy; 


(b)coal moved coastwise by collier is next in line followed by natural 
gas. In order to make a fair comparison between these two forms of 
energy, certain other costs must be added where coal is concerned. 
This is because the solid fuels usually involve costly handling opera-. 
tions between the docks and the consumer’s stockpile. Also, some 
allowance should be made for the additional costs involved in carry- 
ing coal inventories—outlays of a type which do not arise in the case 
of natural gas; 


(c)coal moved by rail costs almost three times as much as by water; 


(d)electric power is the most expensive of all these forms of energy to 
transport. Sight must not be lost, however, of the fact that electricity 
is not a raw product like crude petroleum or coal. It is already 
available in a highly processed, and hence more desirable, form; 
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(e)conversion efficiencies in present-day thermal plants vary. Thirty 
per cent might be taken as a good round figure for future stations 
in the Maritimes. Therefore, in assessing the relative advantages of 
pithead as opposed to load centre power generation, using coal as 
the fuel, high tension line costs should be divided by a factor of just 
over three. The conclusion, then, is that the costs of transporting 
energy as electricity or in the form of coal by rail are comparable. 
However, in circumstances where the rail route tends to be more cir- 
cuitous, a new main transmission line direct to the load centre may 
well turn out to be the more efficient of the two. 
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A NOTE ON THE WORLD PRICE OF OIL 


IN sTUDYING the world’s oil trade, one cannot help but be impressed 
by the growing importance of overseas sources of supply. Shipments first 
from South America, and more recently the Middle East have come to 
dominate the world’s international trade in crude oil. Though production 
off this continent has increased rapidly, reserves have risen in even more 
spectacular fashion. Faced with what in other circumstances would be a 
loss of domestic markets, holders of mineral rights, independent producers 
and certain of their larger American oil companies have pressed consistently 
for import controls. As a result, foreign produced crudes entering the 
United States have been subject to volume quota restrictions, a form of 
protection which has been particularly effective since oil reached a condition 
of over-supply in 1954. 


Import limitations, voluntarily applied, have succeeded in maintaining 
the price of crude oil relative to other commodities. Indeed, in recent years, 
there is some indication that the return per barrel at wellhead in the United 
States has risen more rapidly than wholesale prices generally. Forward 
looking appraisals released periodically by government and other agencies 
have been used to adjust the United States output to United States demand. 
New investment in exploration and development has also been geared more 
closely to domestic requirements. Production in the United States, because 
of this and because of the security offered by import limitations, has con- 
tinued to run at between 80% and 90% of capacity. Bolstered in this way, 
the return to producers in the United States has been maintained at a level 
above that which might otherwise have resulted in greater competition from 
South America and Middle Eastern sources of supply. 


The maintenance of a high price level is not commonly regarded as an 
end in itself. Rather it is seen as providing an incentive (and a particularly 
effective one) whereby additional reserves internal to the North American 
continent might be proved up. It is consistent with the short-term strategic 
objective of having adequate supplies of domestically produced oil on hand 
in the event of an emergency. To the extent that the producers in Canada 
and Venezuela also enjoy preferred entry into the United States market, they 
also can be said to benefit from this increasingly arbitrary division in the 
world’s oil trade. 


Outside of the United States production costs and wellhead prices are not 
necessarily related one to the other. The main reason for this is that the 
delivered price of oil is still based essentially on quotations posted daily, 


APPENDIX C 


weekly and monthly in the Texas Gulf area. This, plus the cost of trans- 
portation to the market, still largely determines the laid down price of oil. 
Hence consumers in Western Europe, though they are much closer to what 
is now regarded as the world’s principal sources of supply—the Middle 
East—are still having to pay a good deal more for their crude oil and 
refinery products than would be the case were the unfettered forces of 
supply and demand permitted to operate on a worldwide scale. 


There is some indication that the historical tie in price which has existed 
between those prevailing in North America and quotations elsewhere is 
beginning to weaken. It is interesting to speculate as to what might happen 
were one or more new sources of supply to be developed, and competition 
for the European and other Eastern Hemispheric markets to be intensified. 
In all probability the world price of oil would fall; either that or remain 
relatively stable as average costs and wellhead returns rose in North 
America. Consumers, to the extent that their supplies were not impeded 
by United States import restrictions, would benefit. It could mean the 
competitive position of imported oil would be strengthened in eastern 
Canada. 


In order to lend further credence to the view that world oil (and hence 
world energy) prices may, on balance, tend to decline rather than rise over 
the next 20 to 30 years, the following quotations have been lifted, quite 
liberally, from a recent report prepared by the United Nations Secretariat 
for the Economic Commission for Europe, The Price of Oil in Western 
. Europe. 


Major Shifts in Trade in Oil 


“The present geographical origin of the petroleum products consumed. 
in western Europe is very different from that of pre-war days. There have 
been two major changes. The first is the development of refinery capacity 
in western Europe. Before the war western Europe’s imports of oil con- 
sisted chiefly of refined products, with imports of crude for domestic 
refining playing a smaller role. Since then the balance has swung completely 
round and it is refined products which are now the marginal import. 
This means that the price of crude oil is of much more direct interest to 
western European countries than it was before the war. The second major 
change is in the origin of western Europe’s crude oil supplies. Before the 
war, some 40% of these came from the western hemisphere. Today, an 
overwhelming proportion of its much larger imports comes from the Middle: 
East. The greater direct interest which western European countries now 
have in crude oil prices is therefore essentially in the price of Middle East 
crude oil. 


1Prepared by the Secretariat, Economic Commission for Europe, United Nations 
Document No. E/ECE/205, Geneva, March, 1955. 
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“These two changes in western Europe’s position are only special facets of 
a general change in the pattern of world production and trade in crude oil 
and products. The first feature is the movement of refining capacity from 
the centres of crude oil production to those of refined products consumption, 
a shift dictated by both strategic? and balance-of-payments interests. The 
second feature is the great rise in crude oil production in the Middle East, 
which has in large measure dried up the pre-war flow of crude oil from 
the western to the eastern hemisphere. From the figures for reserves which 
are also shown, it may be concluded that there is nothing transient in this 
change. There has in fact been a circular change in the centre of gravity 
of world oil. 


“These great shifts in the structure of production and trade, which have 
accompanied the continued rise in world output and reserves, might be 
expected to have important repercussions on the structure of relative prices 
in different parts of the world. As long as western Europe derived most 
of its oil supplies, both of crude petroleum and of finished products, from 
the western hemisphere, prices in Europe were bound to reflect those in 
its principal supplying area, plus transportation costs. Now, however, the 
eastern hemisphere is virtually independent of the western for supplies of 
both crude oil and products, and western Europe draws most of the crude 
oil for its own greatly expanded refining capacity from low-cost Middle 
Eastern sources. Nevertheless, prices of finished products in the main 
consuming centres of western Europe appear to bear about the same 
relationship to those in the United States as before the war, while the 
delivered price of its crude petroleum input, though now somewhat below 
rather than above corresponding prices in the United States, is still closely 
linked to them at a level which does not adequately reflect the switch to 
cheaper producing sources. 


The Price of Middle East Crude Oil to Western Europe 


“Throughout its history, the f.o.b. price of Middle East crude oil has 
been closely linked, though in a way which has changed with time, to that of 
crude oil in the United States. Until the end of the second World War, 
public quotations of prices at producing centres (“posted prices” as they 
are called in the trade) were made only in the United States. The price at 
which Middle East oil was sold was that needed to produce a delivered 
price, at the going freight rate, identical with that of oil from the Texas 
Gulf in the market to which the sale was being made. In other words, the 
effective f.o.b. price or “net back” for Middle East oil varied with its 
destination. F.o.b. prices first began to be posted in the Persian Gulf soon 
after the war at a level, allowing for quality differences, virtually identical 
with those in the Texas Gulf. Early in 1948 a gap between the two price 


2since there are alternative sources of supply for crude oil, any country achieves 
greater security in oil supplies if its refineries are located at home. 
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levels developed which widened by successive stages until late in 1949, 
since when it has been constant. 


“This developing relationship between United States and Middle East 
f.0.b. prices is sometimes explained as conforming to the laws of a normal 
competitive market. In such a market only one delivered price can be 
charged at any particular point for a homogeneous commodity, whatever 
its geographical origin, and in a unified and competitive world market 
suppliers will not be able to discriminate in their f.o.b. prices between 
different points in the market. In such circumstances there is one and only 
one structure of prices which is in conformity with the conditions of supply 
and demand at any moment. When, as with oil, transport costs are heavy 
in relation to the value of the commodity, the relation between f.o.b. prices 
in different producing centres will depend on the location of the frontier of 
competition between them. 


“The explanation offered for the present price of Middle East oil relative 
to that of United States oil is as follows: crude oil from the Middle East 
now meets that from the Texas Gulf in the markets of the eastern seaboard 
of the United States. Its f.o.b. price can, according to this view, be no 
more and no less than is needed to yield a delivered price in those markets 
equal to that of American oil. This means that the f.o.b. price in the 
Middle East tends to fall below that in the Texas Gulf by an amount 
roughly equivalent to the difference in transport costs from the two produc- 
ing centres plus the United States duty on foreign oil. 


“The history of crude oil prices over the last twenty-five years is interpreted 
by similar reasoning as the natural result in a normal market of the gradual 
westward movement of the frontier at which Middle East and western 
hemisphere crude oils met. The position up to the end of the war, when 
f.0.b. prices were posted only in the Texas Gulf, is seen as reflecting a 
situation—which once, in fact, existed—in which the western hemisphere 
supplied, at least marginally, all markets. On this line of argument, the 
posting of equal f.o.b. prices in the Texas Gulf and the Middle East, which 
was the next stage, implied a movement of the frontier to a point at which 
transport costs from the two centres were identical, and the widening gap 
from 1948 to 1950 sprang from the advance of the boundaries of the 
“natural market” for Middle East oil across the Atlantic. * 


World Cost-Price Relationships 


“In a competitive market the margin between price and cost of produc- 
tion would not vary too widely between different producers or different 


®Venezuelan prices are explained by similar reasoning. The eastern seaboard of 
the United States is the main market for this oil and the shipping ports of the Texas 
Gulf and Caribbean are roughly equidistant from New York. Hence the f.0.b. 
price of Venezuelan crude tends to differ from that of American only by the amount 


of U.S. import duty. 
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centres. If in such a market wide variations in profit margins did exist at 
any moment, they would be expected to stimulate the growth of low-cost 
and the shrinkage of high-cost production until, in the long term, the dis- 
parities were eliminated. In the oil industry, however, such disparities are 
large and persistent, both as between the United States and other crude-oil- 
producing centres and within the United States itself. 


“The major cause of this dispersion is the geological accident that the 
productivity of wells varies enormously from field to field and country to 
country. In the United States, average output per well in 1950 was only 
some 11.6 barrels a day or 31 barrels if stripper wells* are excluded. In 
Venezuela, by contrast, the daily average was over 200 barrels and in the 
Middle East some 5,000 barrels, with production from some Kuwait wells 
rising as high as 9,000 barrels per day. 


“The effects on relative costs of such differences in productivity are in 
some measure offset by differences in the cost of drilling wells. Drilling 
costs per foot in Venezuela appear to be over twice as high as in the United 
States and those in the Middle East can not be much smaller. Moreover, 
the need to provide public service and ancillary facilities, which in developed 
countries are a charge on the State, before exploitation can begin also helps 
to swell the costs of production in under-developed countries. Neither of 
these factors, however, does more than modify somewhat the enormous 
cost advantage which geological factors have conferred on the Middle East.° 


“It is unfortunately impossible to complement these somewhat qualitative 
indications by any systematic cost or profit comparisons. Published data 
are scanty and the comparability of the accounting conventions employed 
is frequently open to question. The average cost of producing crude oil in 
Bahrein was estimated to have been about 10 cents per barrel in 1945.® 
Average costs for the United States as a whole in 1941 were some 76 cents 
per barrel and those for the east coast region nearly $1.50.7 There can 
be no doubt that the present disparity between United States and Middle 
East costs exceeds the f.o.b. price differential. 


“This is confirmed by the profit per barrel currently being earned on 
Middle East oil. Total payments in respect of taxes and royalties by Aramco 
to the Government of Saudi Arabia amounted in 1952 to $212 million.® 


‘These are wells which are approaching the end of their useful life. 

5Moreover, most of the wells in the Middle East flow adequately under their own pres- 
sure, so that costs are to this extent further reduced. ‘ 

°25 cents if royalties are included. See Petroleum Arrangements with Saudi Arabia, 
proceedings of a special committee of the U.S. Senate (80th Congress) investigating 
the national defence programme. 

"See Report on the Cost of Producing Crude Petroleum, United States Tariff Commis- 
sion, Washington, December 1942. 

8See Joint Oil Producing Ventures in the Middle East: A submittal by the Standard 
Oil Company (New Jersey) to the Attorney-General’s National Committee to study 
the Anti-trust Laws, December 1953. 
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Since, under the existing agreement, such payments represent 50 percent 
of the net profits realized on crude-oil production, net profits must have 
been in the neighbourhood of $425 million, on a total production in that 
year of 300 million barrels. In other words, with crude oil selling at $1.75 
per barrel, a net profit in the neighbourhood of $1.40 per barrel was being 
earned.? Although comparable figures for the United States are not avail- 
able, the average profit margin certainly falls well short of this figure. The 
rate of return on capital invested must show a still greater disparity in view 
of the enormous difference between the productivity, in barrels per day, of 


wells in the Middle East and the United States to which reference has 
already been made. 


“All these comparisons between the Middle East and the United States 
are in terms of averages, whereas what is required to demonstrate a divorce 
between price/cost comparisons and output decisions are data showing the 
persistence of wide disparities between prices and the cost of an additional 
unit of output in the different centres. While no such data are directly 
available it may safely be inferred that comparison in such terms would 
reveal even more striking differences in profit margins. It was found in 
the enquiry for 1941 already referred to that the dispersion of the average 
costs at wellhead for the five large producing regions of the United States 
ranged from plus 50 percent to minus 40 percent of the mean of 76 cents 
per barrel. The difference between particular fields and, a fortiori, indivi- 
dual wells must have been very much greater. In Saudi Arabia, by contrast, 
the average cost of 30-35 cents per barrel implied above is likely to be 
considerably greater than the cost of producing additional output, since 
exploration and general development costs, which are an overhead, account 
for a large proportion of the average cost. 


“Incomplete though the facts be, it is evident that simple price/cost 
comparisons are not the effective regulator of either the volume or the 
geographical distribution of crude-oil production. The question is why, 
since Middle East production costs so little, it does not bring about a 
decline in price and drive out a large proportion of higher cost American 
production. This problem requires a consideration of the way in which the 
distribution of output is effectively determined. 


“A very large part of the total costs of oil production consists of the 
expenses of exploration and prospecting. Once a field has been discovered, 
the additional costs of bringing the oil to the surface—substantially the cost 
of drilling wells!°—are relatively small. So long, therefore, as the individual 


"The figures given in the 1952 Oil Agreement between Iraq and the Iraq Petroleum 
Company, which are quoted below, imply that costs of production per barrel are now 
some 25¢. 

*The cost of pumping has to be added when a field does not yield adequately 
under its own pressure. When oil is discovered in underdeveloped areas, very large 
sums are also involved in developing ancillary public service and transport facilities. 
But this expenditure, like the cost of discovery, is an overhead cost. 
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producer knows that prices will not be affected by variations in his own out- 
put, there is an obvious incentive for him to recover his overhead costs as 
rapidly as possible by exploiting the deposit at the maximum rate. This is 
tempered only by the consideration that if the rate of extraction rises too 
high this will raise the costs of finally draining the deposit or, alternatively, 
reduce the quantity of oil which is ultimately recovered.'! If a field is not 
in unified ownership even this latter restraint is absent; on the contrary, 
any individual owner runs the danger of having his oil drained away by 
others if he does not extract it as quickly as possible. In more rigorous 
language, for most producers at any given moment marginal costs will be 
very low and average costs falling over a very wide range of output. This 
means that if price is taken as given, there is an incentive to produce at or 
even above!” the “maximum efficient rate”’. 


“Tt is evident that, in the circumstances assumed, the result of the dis- 
covery of reserves significantly in excess of the current rate of consumption 
would be to drive down the price of oil to very low levels, perhaps not much 
exceeding the prime costs of its production. Moreover, the demand for crude 
oil is relatively insensitive in the short run to variations in its price, since 
it is a demand derived from that for refined products, which is itself rather 
insensitive in the short run. Hence the excess needed to provoke such an 
outcome need not be very large. Crude-oil production is, in fact, an im- 
portant example of the well-known theorem that industries enjoying increas- 
ing returns will, if composed of a large number of autonomous producers, 
operate at a loss. The early history of the East Texas discovery, which 
at one point in the interwar period drove down the price of oil to 10 U.S. 
cents a barrel! and led to the employment of State forces to impose output 
control, provides a convincing illustration of the validity of the theorem. 


“Under such conditions it is clear that exploration and prospecting 
would also be extremely irregular, being suspended when the price of oil 
fell to such low levels and resumed when the consequential fall in reserves 
and production sent prices soaring equally wildly upwards. A smooth 
rate of supply would, in short, be impossible in the conditions postulated. 


“The response of the oil industry to these special features of its cost and 
demand conditions has been the development of a system for determining 


“Bor each field and well there is a so-called “maximum efficient rate” of extraction, 
an engineering concept which reflects the fact that if extraction proceeds too fast 
gas pressure will fall unnecessarily quickly, the flow of oil to the well bottom will 
be impaired and various other avoidable and undesirable modifications of the physical 
conditions of the field will be suffered. 

In so far as producers discounted future earnings, production, in the circumstances 
postulated, would systematically exceed the “maximum efficient rate” even if each 
deposit were under single ownership, and all the more so if producers had bearish 
expectations about future prices. 

The average price of comparable oil in the interwar period was roughly $1 a barrel. 
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prices and output in which considerations other than relative costs pre- 
dominate. 


“In the United States, the divorce of output decisions from the price/cost 
comparisons of the individual producers has come about by their transfer 
from private enterprise to State agencies. Oil conservation statutes have 
been passed in most of the oil-producing states which require or permit a 
public agency to fix (“prorate”) the amount of oil produced by each field 
or well. Hence, the production of each area and its distribution between 
producing units within the area ceases to be a matter for private decision. 
In turn, the level of total output, and its distribution between states, is 
determined, within broad limits, on the basis of the monthly forecasts of 
demand, in total and for each state, which are supplied to the several 
agencies by the Federal Bureau of Mines. The Inter-State Oil Compact 
Commission provides a forum within which differences between states can 
be ironed out. 


“In the rest of the world the same divorce of output decisions from 
individual price/cost comparisons takes place without the intervention and 
control of any public agency, because of the structure of the crude-oil 
industry. Given its position as, individually or in partnership with others, 
the agent responsible for exploiting the crude-oil resources of a whole 
country, any one of the eight major international oil companies is bound to 
be under pressure from the Government of that country to serve its best 
interests by capturing as large a share of the market as possible. In so far, 
however, as it has interests in other countries also, it is subject to similar 
pressure from them too. More generally, it cannot help but be aware of 
the nature and strength of such pressures in all countries. At the same time 
its position as, in effect, the major purchaser of the crude oil which it 
produces gives it the power with which to resist and reconcile competing 
pressures.1° 


“In the absence of explicit co-operation, however, the separate assump- 
tions of the individual companies as to the appropriate geographical pattern 
of oil production may not be identical, and this all the more since the 
underlying situation may change rapidly. However, so long as the com- 
panies are quickly responsive to changes in circumstances and their appre- 
ciations are not too far apart, there will emerge, through continuous testing 
of the possibilities of encroachment, a distribution of production between the 
producing countries outside the United States which accords at most times 
with the relative strength of the various forces at work. The rapid and 
continuous growth of world oil consumption referred to at the beginning 


“Because each of the major companies is a vertically integrated enterprise. 

%The power which flows from control over transport, refining and distribution 
facilities and from the ability of the major companies to recognize common interests, 
was illustrated by the failure of Iran to sell any appreciable quantities of oil so long 
as its dispute with the Anglo-Iranian Oil Company continued. 
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of this chapter has, of course, greatly facilitated the reconciliation of the 
conflicting interests of different countries and the integration of new pro- 
ducing centres as they were discovered. 


“With the arrival of Middle East oil at the shores of the United States (or 
even earlier, with the development of Venezuelan production) there arose 
the question of the proper division of the American market between foreign 
and domestic oil. Although there is at present no formal quantitative con- 
trol over oil imports into the United States,!® foreign oil is far from enjoy- 
ing unimpeded entry into that market. The major United States companies. 
producing crude oil abroad have recognized that violation of the widely 
quoted and generally accepted principle that foreign oils should “supple- 
ment but not supplant’!7 the domestic production of the United States would 
threaten to make irresistible the present very strong pressures for more 
stringent Federal restrictions on imports. This balancing of forces in deter- 
mining the level of imports into the United States is symbolized in the 
term “industrial statesmanship”, used by the Secretary of the Interior 
to describe the solution for the “problem” of oil imports. 


The Price of Oil in the United States 


“It follows from the foregoing that the determination of the United States 
price, which is the keystone of world-wide structure of crude oil prices is 
equally divorced from normal commercial forces. Since the volume of oil 
coming on to the United States market is, in effect, determined by adminis- 
trative decision, and its price at any time will be that required to clear the 
market in the going state of demand, price is the product, at one remove, 
of administrative decision. Indeed, the definition of “waste” in conserva- 
tion statutes as amongst other things “production of crude petroleum oil in 
excess of transportation or market facilities or reasonable market demand”, 
itself implies a price assumption. The connection is, in fact, more intimate. 
The conservation authorities concern themselves not only with the total 
volume of output but with its distribution between producers with widely 
differing costs. But decisions as to this distribution can be effective only 
if the price which clears the market is one which covers the highest cost 
producers. In other words, decisions as to the volume of output depend in 
part on decisions as to its distribution. In the last analysis, in fact, the 


There is at present a tariff of 10.5¢ per barrel on crude oil (5.25¢ on the heavier 
crudes). Earlier the tariff was graduated and increased steeply if imports passed a 
quota which was related to the level of United States production. 

7All sections of the oil industry in the United States have subscribed explicitly to 
the following declaration of policy by the National Petroleum Council: “The avail- 
ability of petroleum from domestic fields under sound conservation practices, 
together with other pertinent factors provides the means for determining if 
imports are necessary and the extent to which imports are desirable to supplement our 
oil supplies on a basis which will be sound in terms of the national economy and 
in terms of conservation.” - 


APPENDIX C 


level of crude oil prices in the United States depends on the decision as 
to the level of costs beyond which the further working of a well or field 
shall be regarded as ceasing to serve the ends of conservation policy. 


“This note has examined the view that the price paid by Europe for 
Middle East oil is the result, over the long period, of the working of normal 
economic forces in a unified world oil market. It has been seen that the 
price is tied to that in the United States, with due allowance for freight 
charges. This price structure can be regarded as, in a sense, unified and 
internally consistent—if the existing distribution of production and trade is 
taken as given. The more important point is, however, that the distribution 
of production and trade is not itself closely responsive to differences in 
underlying price/cost relationships in the major producing centres. In this 
more fundamental sense the market could scarcely be regarded as unified 
nor prices as resulting from the free play of competitive forces. 


“It is true that, so long as the eastern hemisphere was dependent on the 
western for supplies of crude oil, consumers in the eastern hemisphere 
could expect to exercise little weight in determining the price which they 
paid, and that this would depend on the price in the United States, however 
that might be determined. Now, the eastern hemisphere is self-sufficient 
in crude oil and, indeed, is exporting to the United States. Given, more- 
over, the narrow limits assigned to this flow, it is clear that the continued 
dependence of Middle East prices on United States prices cannot be ex- 
plained in terms of underlying conditions of supply and demand. 


“More specifically, the price of oil in the United States as well as the share 
of its consumption drawn from low-cost Middle East sources (about 2.3 
percent in 1951-1953) can be viewed as by-products of its own national 
conservation policies. Under these conditions, the present limited flow of 
Middle East oil to the United States does not suffice to explain the con- 
tinued linkage of prices in the two areas. 


“The United States retains, of course, a direct interest in the price of 
Middle East oil, since a significant reduction might provoke, if not countered 
in some way, a vast increase in its imports and a consequent drop in its 
domestic oil prices which would be in conflict with the aims of the United 
States conservation policy. But even if such an increase in imports appeared 


*The preceding analysis is, no doubt, a rationalization of the way in which conserva- 
tion policy is, in fact, determined. The outcome depends on decisions by a number 
of separate and independent agencies and the processes of ratiocination which go on in 
each may well be less clear cut than is implied. This means only that the analysis is 
an over simplification, not that it is a misrepresentation. Whether the main con- 
sideration is the desire for full extraction from deposits already being worked, or 
alternatively the need to keep oil production generally sufficiently profitable to 
promote a high rate of exploration and prospecting for new fields is not relevant to 
this analysis. 
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imminent the United States Government would have remedies to hand by 
making explicit and formal the informal controls which are already applied."® 


“Finally, the wide divorce which persists between prices and production 
costs in the Middle East suggests that, if this link were severed, the price 
charged on sales to European countries by the Middle East could be signi- 
ficantly lowered without adverse effects on the further development of its 
crude oil production.” 


One student of the problem has remarked: “It is doubtful whether the protection of 
the high-cost level of American prices can in the long run be achieved just by scaling 
up the prices from all sources in sympathy with price movements within the United 
States. No one in another country has the right to interfere with the domestic 
economic policy of the United States, but if the Americans wish to protect their 
industry they should do so at their border and not at source, as it were, in other 
people’s countries.” P. H. Frankel: “Market Price for the World”, Petroleum Times, 
July, 1953. 


Appendix D 


EFFICIENCY IN USE 


ParT but not all of the energy potentially available in a given amount of 
fuel or water power can be put to effective use. Much is wasted at the 
source. Some is used up in transporting the remainder to the main areas of 
consumption. Processing to more usable forms as in oil refining or the 
generation of thermal power removes a portion of the supply which would 
otherwise be available to the ultimate user. Distribution and marketing 
also involve losses. And, finally, there is the question of efficiency in use. 
Rarely is the equipment employed by the average consumer better than 
60% efficient. It may also be run for long periods of time at other than 
optimum conditions. Because of these various wastages and losses the 
quantity of raw energy entering the national energy system (input) exceeds 
the amount of energy effectively employed (output) by a considerable 
margin. 


The ratio between the energy theoretically available at the primary level 
and the much lesser amount appearing as useful heat or work done is 
therefore a measure of over-all efficiency in use. Though a highly generalized 
concept it is useful when preparing estimates of future energy require- 
ments. A changing supply “mix” can cause the over-all output-input ratio 
to change. So can a progressive shift in emphasis from one major use 
sector to another. Efficiency considerations have therefore formed an 
integral part of the methodology employed in the writing of this report. 


Published data are available as to the efficiency in use of various fuels in 
particular types of equipment. This can be generalized to apply to individual 
industries and such major applications as residential and commercial space 
heating. As the primary and secondary fuel inputs of these various economic 
sectors are known, approximate national efficiency ratios can be devised by 
aggregating the various series to reach a national total. 


During the course of this study, energy balance sheets descriptive of the 
Canadian supply-demand complex were prepared for Canada. (Two are 
are now avialable in the D.B.S. report Energy Sources in Canada, 1948 and 
1952. A similar report covering the years 1926, 1929, 1933 and 1939 
is also being prepared by the D.B.S. for publication.) These show the 
quantity of energy consumed in each use. Employing data provided by 
various Canadian, United States and United Nations authorities, average 
efficiencies were assigned to each energy source and weighted according 
to the quantities of fuel or power consumed in each category of use. Thus 
it was possible to arrive at estimates of the amount of energy effectively 
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employed industry by industry and major use category by major use cate- 
gory. National figures were obtained simply by totalling the various outputs. 
From this it was possible to calculate the “national efficiency factor” using 
the following equation: 


Energy put to effective use (Output) I ‘ 
OX 100 = National efficiency factor 
Gross energy supply (Input) 

Canadian data worked up in this way yielded a national efficiency factor 
series which improved with time. A hundred years ago less than 10% of 
all the energy consumed in Canada was actually put to effective use. Cur- 
rently the figure is over 40%. This trend is further quantified in the follow- 
ing table: 


National Efficiency Factor, Canada 1870-1953 


1870 1900 1926 1939 1953 
Percentage 10 15 35 39 40 


Similar calculations have been made for the United States. P. C. Putnam 
in his book Energy in the Future, published in 1953, reports that the over- 
all efficiency in energy use in the United States was in the order of 10% in 
1900 and approximately 30% in 1950.1 More recent analyses” indicate 
that the output-input ratio for the United States was in the order of 32% 
a ey 


Putnam has also estimated the aggregate efficiency of use of energy for 
various other countries in the year 1950. That of the United Kingdom he 
placed at 24%. Next in sequence was the U.S.S.R. with 25%, Argentina 
with 21%, France with 20%, Germany with 20%, Japan with 13% and 
India with 6%. Putnam’s world average figure at the mid-century mark was 
22 Tex. 


Various reasons can be given as to why energy is put to use more effici- 
ently in Canada. During the earlier years, space heating demanded a larger 
proportion of total supply than it does today. The conventional wood stove 
(as in many parts of Russia today) had an over-all efficiency in the order 
of 35%. This helped to raise the Canadian average. As most of the elec- 
tricity consumed in Canada has been generated hydraulically this, too, has 
helped to maintain the over-all efficiency of the Canadian energy system 
well above the world average. Indeed, it is largely due to the fact that the 
United States depends much more heavily upon thermal generation (with 
its much lower efficiency of conversion) that the Canadian output-input 


1See Energy in the Future by P. C. Putnam, consultant to the U.S. Atomic Energy 
Commission, D. Van Nostrand, Inc. Toronto, 1953. 

°See An Appraisal of Future Energy Supply and Demand in the United States, Austin 
Cadle, Proceedings of the American Petroleum Institute, 1955. 
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ratio appears to advantage when compared to the national efficiency tactor 
for the United States. 


With the passage of time, comfort heating will decline relative to total 
Canadian energy requirements. Process heating (with a moderately high 
average efficiency factor) and mechanical work (with a comparatively low 
efficiency factor)* will rise relative to total supply. Gradually thermal 
generating plants will have to be built to supplement the electricity available 
from water power installations. Each of these influences will tend to depress, 
rather than raise, the national figure. Opposing this trend will be further 
improvements in the efficiency of many types of user equipment and better 
conservation practice at the resource level. Taking all of these various and 
conflicting tendencies into account an over-all national efficiency factor of 
50% has been forecast for Canada in 1980. 


Effective Contribution of Each Energy Source as a 
Percentage of Total Output 


(Canada, 1926-80) 


1926 1939 1953 1980 
Coal 68 54 32 3 
Petroleum 6 14 39 34 
Natural gas 3 4 5 2S 
Wood 14 lige 2) 1 
Water power 2 17 19 Die) 
Nuclear power — — — 4 

100 100 100 100 


Efficiencies of Energy Use 


Residential and commercial % Railways % 
Coal and coke 50 Coal 4 
Wood 35 Fuel Oil 6 
Fuel oil, kerosene 60 Diesel Oil 25 
Gas and l.p.g. 70 Electricity 100 
Electricity 100 Highways and sic 

Manufacturing and mining creas end bp-8- a 

iesel oil 20 
Coal and coke 60 Tete tel 20 
Wood 40 
Fuel oil (including residual) 65 Water transport 
Gasoline and kerosene 20 Diesel oil 15 
Gases (including I.p.g.) 70 Fuel oil s) 
Electricity 100 Coal 6 


*Putnam, in describing the U.S. energy system in 1947 indicates that the average 
efficiency of use in comfort heating in that year was 51%, for process heating, 30% 
and for work, 17%. 
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It is also possible, starting from the individual categories of use, to build 
up an output series which indicates the effective contribution of the different 
fuels and water power to the Canadian energy system. The preceding table 
shows (in contrast to the input tabulations appearing in the summary and 
at the end of Chapter 3 of this study) that hydro-electricity is expected to 
become one of the (if not the) most effective sources of energy in Canada 
25 years from now. 


The various efficiency factors employed in the foregoing calculations are 
as follows. They are similar to those used by N. B. Guyol and quoted in 
World Energy Requirements and published in the Peaceful Uses of Atomic 
Energy—Proceedings of the International Conference in Geneva, August, 
1955, Vol. I. They measure what Putnam refers to as the “technical” 
efficiency.* 


‘Putnam also refers to what he calls “economic” efficiency. This concept has been 
most thoroughly discussed by Ayres and Scarlott in Energy Sources, the Wealth of 
the World as “energy-system efficiency”. This includes all energy consumed in 
producing, processing, and transporting the energy as well as the efficiency of the 
unit in which it is finally consumed. Thus of 100 gallons of oil in the ground, only 
five actually reach the road as “useful work”. 
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UNITS OF MEASUREMENT 


CoaL, oil, natural gas, fuelwood, water power and nuclear energy have 
two things in common: (a) they are potential sources of heat, and (b) 
they are each potential sources of electricity or power. In order to compare 
their contribution one with the other (or to add their contributions one to 
the other), it is necessary to quantify the amounts of heat or the amounts 
of power which can be obtained from a standard physical unit of each of 
the commodities involved. If heat content is to be measured, the B.t.u. or 
calorie can be taken as a common denominator. If their power contribution 
is to be assessed the kilowatt-hour is usually the common unit employed. 
Throughout this study the B.t.u. has been employed in the calculations. 
Had one of the other units been chosen identical comparative results would 
have been obtained. 


While the calculations were carried out in B.t.u.’s the results were pre- 
sented textually in terms of tons of coal equivalent. The objective, in this 
case, was to assist the reader in comprehending the very large amounts of 
energy involved. Throughout, one ton of coal equivalent refers to the con- 
tribution of any one source (or combination of sources) of energy which 
was theoretically capable of providing the same amount of heat energy as 
one short ton of high-grade bituminous coal. Though expressed in a different 
fashion numerically it therefore had a potential heat yielding capability of 
27 million B.t.u.’s. 


Coal, crude oil, unprocessed natural gas, water power and fuelwood are 
referred to as primary forms of energy. Manufactured products obtained by 
processing or converting the primary supplies to other and often quite 
different commodities like coke, manufactured gas and thermal electricity 
are classified as secondary sources. This distinction must be made if double 
counting in the energy supply stream is to be avoided. 


Excluded from this study is the energy contribution (as work) of draft 
animals and the human population. Currently they contribute less than 
1% of all energy utilized in Canada. Other resources which have also been 
excluded because of the minor role which they play are wind power, farm 
wastes and explosives. 


There is still the matter of converting heat to electrical energy and vice 
versa. One kilowatt-hour is physically equivalent to 3,412 B.t.u.’s. This 
conversion factor can, therefore, be used to determine the annual B.t.u. (or 
tons of coal equivalent) contribution of water power. 
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It is common practice in the United Kingdom and the United States 
(where thermal stations generate most of the power supply) to make this 
conversion with a view to indicating the tonnage of fuel which would actually 
be required to produce an equivalent amount of electricity. Because the 
efficiency of conversion is high (i.e. 90%) in water power stations and 
much lower in thermal power plants (25% to 35%) this results in 
an inflated (about three times) measure of the primary energy actually 
available as water power. Because of the much greater importance of hydro 
electricity in Canada’s energy supply complex (and also because this 
inflationary procedure deviates from a strict interpretation of energy inputs 
and outputs) hydro-electric power has been given full status as a primary 
energy source in this country. Its higher efficiency in use, meanwhile, is 
recognized in the accompanying analysis of effective outputs. 


The conversion factors employed for each individual commodity are as 
follows. 


Energy Conversion Factors 


Commodity Physical unit B.t.u. 
Coal 

bituminous one ton = 27,000,000 

anthracite + = 26,000,000 

sub-bituminous oe = 19,000,000 

lignite if = 16,000,000 

coke y = 25,000,000 
Crude oil one barrel (35 imperial gallons) = 5,800,000 
Natural gas liquids i = 4,000,000 
Gasoline s == 5,200:000 
Diesel fuel 4 =)" 5,800,000 
Fuel oil a = 0005000 
Residual oil rs = 6,000,000 
Petroleum coke one ton = 30,000,000 
Natural gas one cu. ft. = 1,000 
Manufactured gas one cu. ft. = 550 
Water power one k.w.h. a 3412. 
Fuel wood one cord = 20,000,000 
Lubricants and other 

(non-fuel) derivatives 
of petroleum one ton = 30,000,000 


Appendix F 


STATISTICAL TABLES 


(Additional statisical data, basic to the study and not reproduced here, 
are to be found in the D.B.S. publication on energy. See Bibliography, Sec- 
tion A: Energy Studies, Canada.) 


Table 1 
CONSUMPTION OF ENERGY IN CANADA 
BY PRIMARY SOURCES 1900-55 
B.t.u’s < 10” 
Water Natural 

Year Coal Petroleum power gas Wood Total 
1900 270 4 i == 186 477 
1910 676 £9 Lif 2 247 961 
1920 856 78 Vi 5 186 1,142 
1926 863 125 38 20 200 1,246 
1927 932 149 45 23 202 110 le 
1928 915 178 52 24 205 1,374 
1929 943 220, 59 30 209 1,461 
1930 892 DAZ BE) Sil 220 1,414 
1931 668 203 55 w9) 218 1 | 
1932 620 ee) 238) 25 177 1,054 
1933 603 185 60 24 182 1,054 
1934 707 196 ps 24 186 1.185 
1955 675, Dll Te) 26 189 1,180 
1936 738 223 85 30 195 2a,8 
1937 794 Zot 95 3) ie) 1,374 
1938 708 257]. 89 35 200 1,289 
1939 802 285 oF, 5) 203 1,424 
1940 ory 319 104 43 210 £593 
1941 1,010 354 TS 46 208 Bios 
1942 1,143 337 128 48 2g 1,868 
1943 i, 192 368 L380): 47 216 1,961 
1944 1,191 405 136 48 210 1,990 
1945 1,089 399 133 DL Ips 1,897 
1946 1,144 506 140 5! 224 2,062 
1947 1,164 564 LS 56 216 PIB) 
1948 1,261 617 157 62 210 2,307 
1949 U1L67 650 169 65 200 PAIN | 
1950 1,188 786 183 Ji 190 2,422 
1951 Est 922 205 86 180 2,574 
1952 1,102 995 208 100 170 Daye i 
1955 15017 Lots PaNNS 112 160 2,619 
1954 862 1 ig 230 133 150 2,550 


£955 O12 1,426 246 170 145 2,899 
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Table 2 
CONSUMPTION OF ENERGY IN CANADA 1900-55 
(source as percentage of total energy) 

Year Coal Petroleum Hydro Natural gas Wood Total 
1900 56.6 0.8 3.6 — 39.0 100.0 
1910 70.3 2.0 1.8 0.2 20 100.0 
1920 750 6.8 1.5 0.4 16.3 100.0 
1926 69.3 7.9 aa 1.6 16.1 100.0 
1927 69.0 11.0 oS Ry 15.0 100.0 
1928 66.6 12.9 3.8 1.8 14.9 100.0 
1929 64.5 15.4 4.0 pay 14.3 100.0 
1930 63.1 15.0 4.2 Dal 15.6 100.0 
1931 Dish Wes) 4.7 203 18.6 100.0 
1932 58.8 16.8 a 2.3 16.8 100.0 
1933 Shes 17.3 =Ey/ a0 IB 2 100.0 
1934 SO 16.5 6.1 Pa 15.6 100.0 
1935 aie) 17.8 6.7 Zed, 16.0 100.0 
1936 S81 17.6 6.7 Zee 15:3 100.0 
£937 57-8 18.3 6.9 2) 14.5 100.0 
1938 55.0 12 6.9 Yee) 13:5 100.0 
1959 56.3 20.0 6.8 2.6 14.3 100.0 
1940 57.6 20.0 6.5 2h 132 100.0 
1941 58.4 20.4 6.6 2.6 12.0 100.0 
1942 61.1 18.1 6.8 2.6 11.4 100.0 
1943 60.7 18.8 Vob 2.4 11.0 100.0 
1944 59:9 20.3 6.8 2.4 10.6 100.0 
1945 eS) pa 2 7.0 Zed 11.8 100.0 
1946 35:9 24.6 6.8 2.4 10.7 100.0 
1947 54.1 26.1 1 0 10.0 100.0 
1948 54.6 26.8 6.8 Zed orl 100.0 
1949 D> bee 28.9 TEs 2.8 8.9 100.0 
1950 49.1 32.5 gle) aya | 7.8 100.0 
1951 46.0 3o19) 8.0 oy 10) 100.0 
192 42.9 38.7 8.1 3.8 oD 100.0 
1953 38.8 42.5 8.3 4.3 6.1 100.0 
1954 33.8 46.1 9.0 a2 =e) 100.0 
1955 31.4 49.1 8.5 2.9 5.0 100.0 


Year 


1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
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Fable 3 


SUPPLY OF COAL IN CANADA 1926-55 


Production 


16.4 
17.4 
17.6 
17.5 
14.9 
122 
11.7 
EMO 
13.8 
39 
132 
15.8 
14.3 
US; 7, 
17.6 
18.2 
189 
V9 
17.0 
165 
17.8 
15.8 
18.4 
1971 
19.1 
18.5 
£756 
¥529 
14.9 
14.6 


(millions of short tons) 


Imports 


16.6 
18.7 
E752 
18.2 
18.7 
tant 
12-0 
11.2 
13.0 
1231 
LSet 
14.7 
13.0 
15.0 
17.4 
20.4 
24.9 
28:1 
28.7 
25.0 
26.1 
28.9 
30.9 
Dled 
27.0 
27.0 
25k 
2.3 
18.7 
19:7 


Exports 


1.0 
rl 
OO} 
0.8 
0.6 
Os 
0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.4 
0.4 
O25 
0:5 
0.8 
fel 
1.0 
0.8 
0.9 
O7 
iS 
0.4 
0.4 
0.4 
0.4 
0.3 
0.2 
0.6 


Supply 
32.0 
35.0 
See 
34.9 
33.0 
250 
23.4 
22.8 
26.5 
25.6 
27.9 
30.1 
26.9 
30.3 
34.5 
38.1 
43.0 
44.9 
44.7 
40.7 
43.0 
44.0 
48.0 
40.9 
45.7 
45.1 
42.3 
38.9 
33.4 
33% 


Canadian production 
for Canadian use 


15.1 
17 
16.5 
16.4 
14.1 
Lil 
11.2 
I 
5.2 
ior5 
14.5 
ilery. 
13.8 
14.9 
16.7 
17.3 
Bie? 
16.3 
L573 
D2 
16.5 
14.7 
16.9 
18.1 
18.2 
17.6 
16.7 
15.2 
ery 
14.0 
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Table 4 
CONSUMPTION OF COAL IN CANADA 
BY PRINCIPAL END USE 
bg 1926-55 
(millions of short tons) 
Railways Colliery 

Space and Manufacturing and other Coke Electric Total 
Year heating bunkering and mining uses* making power consumption 
1926 10.0 10.0 yer 2 pa) 0.5 ED hee 
1927 11.6 10.5 7.4 3 Zo 0.5 34.2 
1928 8.9 11.6 7.6 V2 5p 0.5 33.0 
1929 10.0 10.5 8.1 U2 Sa 0.5 34.0 
1930 TIES 8.9 aR: 1.1 REPS 0.5 32 
1931 oe 7.4 6.0 0.9 Pe) 0.4 24.5 
non 7.6 6.4 4.7 1.6 Zee 0.4 229 
1933 8.0 6.1 Ao 0.8 Za 0.4 22-9 
1934 9.8 6.7 4.9 0.9 3.1 0.4 25.8 
1935 8.7 6.9 Bs 0.9 et 0.4 Pee} | 
1936 9.6 7.4 deh 3 3.4 0.5 Zileo 
1937 10.2 7.6 6.4 La 3.6 0.5 29.4 
1938 8.6 Jez SH) i Sey? 0.5 26.4 
1939 10.5 18 See) 1.6 3.3 0.4 295 
1940 10.6 8.7 73 2D) 4.1 0.5 Sour 
1941 11.6 10.3 Sak lest 4.3 0.6 372 
1942 £322 i153 9.8 2.8 4.5 0.7 42.3 
1943 14.0 12.8 10.5 r2 4.8 0.7 44.0 
1944 12.4 12 10.9 17 Dad 0.8 43.8 
1945 12:5 12.8 a5 —1.0 Dal 0.8 397, 
1946 14.2 Wee 9.0 1.6 4.5 0.8 42.3 
1947 13.1 12.9 1072 [: 4.6 0.8 43.1 
1948 13.5: 12:9 ti 3.6 Sad 1.0 47.3 
1949 12.0 eee Ns bes —1.3 a2 eA 40.0 
1950 12.1 10.8 10:9 4.5 33 pi 44.7 
1951 it a 10.9 10.9 4.9 a3 i | 44.3 
1952 10.2 10.2 10.9 323 pe) £3 41.4 
1955 DET, Son 11.0 1.0 oi 2.0 38.1 
1954 8.6 7.0 est. 10:0" est. 0.9 est. 4.7 i6 32.8 
195) 8.3 6.0 est. ~ 10,5 est. Le7-est. (55.5 LS €stny 33°38 


4Also includes inventory adjustment. 
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Table 5 
SUPPLY OF ALL OILS IN CANADA 
1926-55 
(in thousands of barrels) 
Domestic crude Net crude Net product Total 

Year production imports imports supply 
1926 364 18,470 23139 21,573 
1927 477 2)5550 4,754 26,581 
1928 624 2,504 S27 31,938 
1929 Lele 7 31,457 6,691 39,265 
1930 522 Do5o 0. 6,176 41,055 
1931 1,543 30,230 4,956 36,729 
1932 1,044 27,434 3,934 32,412 
1933 1,145 28,934 2,429 32,508 
1934 1,411 31,638 Pang PA0 35,769 
1935 1,447 33,967 3,066 38,480 
1936 1,500 35,833 3,194 40,527 
1937 2,944 38,915 4,242 46,101 
1938 6,966 34,245 5,875 47,086 
1939 7,826 37,095 6,288 51,209 
1940 8,590 42,624 aa5 58,749 
1941 10,134 46,790 5,095 62,019 
1942 10,365 44,120 5,309 59,794 
1943 10,052 49,754 SENS) 65,079 
1944 10,099 57,048 4,873 72,020 
1945 8,483 56,806 3,809 69,098 
1946 7,586 63,407 10,508 81,501 
1947 (HES 68,447 23,365 99,547 
1948 12370 LISD 14,020 101,949 
1949 21,404 73,948 20,749 116,101 
1950 29,044 78,660 28,247 135,951 
TOSI 47,616 82,942 31,052 161,610 
1952 61237 TOTS: 34,188 175,200 
1953 80,899 76,970 37,128 194,997 
1954 96,080 76,427 34,762 207,269 


1955 129,440 71,844 36,654 237,938 
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APPENDIX F 


Table 7 


APPARENT SUPPLY OF NATURAL GAS IN CANADA, 1926-55 


Years 


1926 
1927 
1928 
1929 
1930 
1951 
1932 
1933 
1934 
1935 
1936 
1934 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 


Total 
production 
23,075 
29,182 
36,721 
80,744 
138,007 
182,067 
124,119 
107,166 
104,076 
102,635 
LOB 37> 
97,194 
85,267 
63,401 
61,653 
75,060 
67,716 
| 63,816 
61,170 
60,310 
58,382 
61,979 
70,673 
76,371 
84,797 
94,964 
105,364 
125,626 
150,398 
1915119 


(in millions of cu. ft.) 


Imports 


119 
104 
128 
133 
151 
109 
121 
101 
107 
107 
118 
114 
133 
114 
130 
172 
UOT, 
232. 
pag it 
346 
368 
433 
404 
1,263 
3,254 
3,699 
5,982 
6,097 
6,236 
11,166 


Exports 


Stock 
changes 


Apparent 
supply 
23,194 
» 29,286 
36,849 
80,877 
137,466 
180,472 
122,678 
105,597 
102,537 
101,234 
102,646 
95,864 
83,985 
63,357 
61,783 
TeV 
67,913 
64,048 
61,441 
56,888 
53,448 
59,240 
68,138 
T3036 
86,139 
97,181 
99,665 
118,187 
145,363 
186,512 
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Table 8 
NATURAL GAS CONSUMPTION IN CANADA, 1926-55 


(millions of cu. ft.) 


Residential Central Mining Field waste 
Year and electric and and 
commercial Manufacture stations misc. Field use other losses Total 

1926 13,000 3,000 — 5 2,282 3,867 222155 
1927 12,900 4,498 789 4 2,510 7,805 28,506 
1928 14,200 3,692 438 4 MTA 14,138 35,242 
1929 15,400 4,635 673 3 6,750 52,366 79,827 
1930 16,900 3577/1) 385 8 S053! 108,630 134,747 
1931 15,300 3,824 324 6 AL DSI 156,192 179,898 
1932 16,300 3,208 304 4 2,328 100,699 122,843 
1933 15,800 3,186 312 10 DBs 84,028 105,695 
1934 15,000 4,061 316 17 2,831 80,914 103,138 
1935 16,900 4,405 314 21 2,764 Wil Vs) 102,128 
1936 18,800 4,810 — 59 3,929 75,866 103,466 
1937 19,200 5,802 33 282 6.213 64,814 96,705 
1938 19,000 SC 310 26 S746 51,823 82,650 
1939 19,900 6,113 S27) 29 HAOSz. 28,216 61,637 
1940 22,000 9,959 301 51 8,553 20,421 61,284 
1941 21,900 9,558 634 9 8,377 31,565 T27042 
1942 23,200 11,488 — 980 8,926 22,018 66,613 
1943 DU SNG 10,736 996 Syl 8,537 19,540 61,896 


1944 21.977; 7125498 1207" 1070 9,325 16,103 62,294 
1945 25 152 9,106 2,002 415 9,962 11,898 58,536 
1946 23233 8,745 1,459 Ves 8,607 10,481 54,778 
1947 28,199 © 117487 1,356 149 9,106 93323 59,620 
1948 30,824 12,825 1,740 244 10,094 12,069 67,797 
1949 32,165 14,439 29D, 204 ~=10,338 15,914 75,451 
1950 40,004 17,897 O5299 247 9,630 16,975 90,053 
1951 43,048 21,869 6,514 190 10,880 153303 98,004 
1952 43,328 22,677 4,765 177i 225 16,678 100,550 
1953 46,391 24,284 6,580 52 14,566 24,640 116,513 
1954 56,864 30,275 93585 383 = 15,624 29,663 142,393 
1955 68,591 48,699 13,402 570.5 13,936 40,347 190,545 


Year 


1926 
1927 
1928 
1929 
1930 
195i 
1932 
1933 
1934 
£935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
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Table 9 


TOTAL ELECTRICITY GENERATED IN CANADA, 1926-55 


Hydro ~ 


ET OE 
14,346 
16,106 
17,680 
17,749 
16,025 
15,724 
17,006 
20,817 
22,884 
24,933 
215176 
25,691 
2181, 
295537 
32,629 
36,583 
39,660 
395553 
SOS 
40,692 
42,273 
41,070 
42,779 
46,624 
595) 
57,802 
61,069 
63,932 
69,478 


(millions of k.w.h.) 
Central electric stations 
Thermal Total 
174 12,085 
203 14,549 
AB )\\ 16,337 
280 17,960 
345 18,094 
306 16,331 
328 16,052 
333 17e339 
380 DNS 
399 DS USS 
470 25,402 
Syl 27,688 
463 26,154 
501 28,338 
2) 30,109 
689 33,318 
Ti2 SE 355 
820 40,480 
1,046 40,599 
999 40,130 
1,045 41,737 
iS?) 43,425 
1,320 42,390 
1,639 44,419 
1,870 48,494 
1,897 54,852 
1,607 59,409 
1,791 62,861 
2,004 65,936 
3,433 712,911 


aCan be assumed to be predominately hydro power. i S P 
>Includes power generated by electric railways for use in their own operations. 


¢Preliminary figure. 


Industrial* 
generation 


567 

810 
15153 
1,324 
1358 
1,276 
1,388 
1,348 
1,544 
1,634 
1,686 
Dey, 
2,439 
2,631 
2,943 
35150 
3,642 
3,461 
2,962 
2,564 
2,914 
SAVER 
4,862 
6,162 
6,530 
6,582 
6,685 
7,146 
Te: 
8,000° 


Total® 
Canada 


12,660 
15,377 
17,509 
19,306 
19,468 
17,620 
17,453 
18,697 
22,749 
24,927 
27,099 
30,225 
28,603 
30,979 
33,062 
36,479 
41,007 
43,951 
43,571 
42,724 
44,663 
47,174 
47,262 
50,593 
S057 
61,447 
66,094 
70,017 
73,488 
81,000° 
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Year 


1926 
1927 
1928 
1929 
1930 
193i 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 


CANADA PER CAPITA CONSUMPTION 


OF FUELS AND ELECTRICITY 


_ Coal 
(tons) 


1926-55 


Natural gas 
(000 cu. ft.) 
2.3 
3.0 
345) 
8.0 
Se 
163: 
LS? 
9.9 
9.6 
9.4 
9.5 
8.7 
7.4 
5.5 
5.4 
6.3 
Buf 
Se) 
S22 
4.8 
4.5 
4.8 
5:3 
5.6 
6.6 
6.9 
7.0 
79 
9.4 
Nie 


Oil 
(bbls.) 
1.5 
22 
a7) 
3.3 
33 
Ala 
2.9 
2.6 
2.9 
3.0 
3.3 
3.6 
3.7 
4.1 
4.6 
ae 
4.9 
5.0 
5.4 
5.5 
6.2 
73 
7.6 
8.1 
9.4 
10.2 
ye 
11.9 
oe 
14:0 


APPENDIX F 


Table 11 


Electricity 
(k.w.h.) 
1,352.0 
1,595.6 
1,780.3 
1,925.0 
1.907.1 
1,698.2 
1,660.6 
1,758.4 
2,117.9 
2,305.6 
2,473.9 
2,735.6 
2,564.3 
2,748.7 
2,988.7 
3,168.0 
S187 
3,726.4 
3,647.4 
3,538.8 
31635) 
3,758.6 
3,685.7 
3,762.4 
4,013.8 
4,386.2 
4,580.3 
4,734.4 
4,900.0 
5.200.0 
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Table 12 
WORLD PRODUCTION OF ENERGY, BY DECADES FROM 1860 


(millions of tons of coal equivalent) 


Coal Petroleum Wood 
Year and and Natural Water and its 

lignite nat. gasoline gas power products Total 
1860 134 0.125 — 0.75 421 S57 
1870 207 1 — 1 439 648 
1880 BQ 5 — 1 467 794 
1890 487 14 i} 2 493 1,001 
1900 Wes PEA 9 2 5333) 1,294 
1910 1,091 58 20 4 595 1,768 
1920 1,242 Syl 32 8 619 2,032 
1930 1,278 265 V9 16 643 2,274 
1940 1,463 390 108 24 724 2,709 
1950 1,567 700 261 42 Tez 3,292 
1953 1,641 879 349 53 730 3,652 


Table 13 
WORLD PRODUCTION OF ENERGY, BY DECADES FROM 1860 


(each source as a percentage of total production) 


Coal Petroleum Wood 

Year and and Natural Water and its 
lignite nat. gasoline gas power products Total 

1860 24.0 — De 75.6 100.0 
1870 S159 59 oa BP 67.7 100.0 
1880 40.4 a7 sas a! 58.8 100.0 
1890 48.7 i #5) Ps 49.3 100.0 
1900 ape) Piel wh ai 41.2 100.0 
1910 617 353 tt 2 eho) 100.0 
1920 61.1 6.4 1.6 4 30.5 100.0 
1930 562 I he Sh eh 28.2 100.0 
1940 54.1 14.4 4.0 8 2621, 100.0 
1950 47.6 213 Ue) 193 21.9 100.0 
#953 45.0 24.1 o> 1.4 20.0 100.0 


GROSS ENERGY CONSUMPTION 
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Table 14 


IN CANADA, UNITED STATES, AND UNITED KINGDOM 


Year 


1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 


1926-55 


(in millions of tons coal equivalent) 


United States 


831 
807 
827 
878 
823 
694 
605 
624 
662 
705 
q91 
840 
734 
796 
882 
983 
1,029 
15123 
1,174 
1,163 
1,124 
1,211 
1253 
1,164 
1,294 
1,358 
1,345 
1,386 
£337 
1,468 


Canada 


46.0 
50.0 
50.8 
54.0 
SS) 
43.3 
39.0 
39.0 
43.8 
43.7 
47.0 
50.8 
47.7 
Pui 
59.0 
64.1 
69.1 
12.5 
USE 
70.2 
76.3 
Goud: 
85.4 
83.5 
90.0 
95:9 
96.0 
97.8 
95:3 
106.9 


United Kingdom 


204 
2 
202 
210 
204 
190 
186 
186 
201 
204 
213 
221 
208 
215 
221 
ZS 
220 
2s) 
218 
207 
242, 
216 
226 
231 
243 
252 
253 
255 
264 
267 
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Table 15 


PER CAPITA ENERGY CONSUMPTION 
CANADA, UNITED STATES, AND UNITED KINGDOM 
1926-55 


(in tons of coal equivalent) 


Year Canada United States United Kingdom 
1926 4.9 Teil 4.4 
1927 S322 6.8 4.7 
1928 S74 6.8 4.4 
1929 5.4 2 4.6 
1930 Sct 6.7 4.2 
1931 4.2 5.6 4.1 
1932 Ba. 4.8 4.0 
1933 Sar 4.9 4.0 
1934 4.1 2 4.3 
1935 4.0 5.6 4.3 
1936 4.3 6.2 4.5 
1937 4.6 6.5 4.7 
1938 4,3 5.6 4.3 
1939 4.6 6.1 4.5 
1940 Dez) 6.7 4.6 
1941 5.6 7.4 4.5 
1942 5.9 7.6 4.5 
1943 (33, 8.2 4.4 
1944 6.2 8.5 4.4 
1945 5.8 8.3 4.2 
1946 6.3 7.9 4.3 
1947 6.3 8.4 4.5 
1948 6.6 8.6 4.5 
1949 6.2 7.8 4.6 
1950 6.7 8.5 4.8 
1951 6.8 8.8 5.0 
1952 6.7 8.6 5.0 
1953 6.6 8.7 5.0 
1954 6.4 8.2 SZ 


1955 7.0 9.0 5.3 


ENERGY CONSUMPTION 


PER UNIT OF NATIONAL PRODUCT 


APPENDIX F 


Table 16 


FOR CANADA, UNITED STATES, AND UNITED KINGDOM 


Year 


1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1955 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 


1926-54 


(index numbers: 1926-30 = 100) 


Canada 
101 


United States 


106 
103 
98 
99 
94 
87 
87 
94 
shi 
88 
88 
89 
81 
81 
82 
Va 
74 
69 
69 
69 
7B) 
84 
84 
6) 
76 
vy 
73 
71 
69 


United Kingdom 


77 
103 
97 
99 
98 
92 
90 
84 
88 
86 
86 
89 
84 
82 
81 
75 
Tt 
67 
69 
68 
74 
75 
75 
73 
74 
74 
16 
73 
72 
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Table 17 
RELATIVE PRICES OF FUEL AND POWER 
IN CANADA AND THE UNITED STATES FOR 
SELECTED YEARS 1900-55 
(constant dollars“) 
Coal Oil Natural gas Electricity 

Year Canada US. Canada US. Canada_ USS. Canada US: 

(Dollars (Dollars per (Cents per (Cents per 

per ton) barrel) k.w.h.) k.w.h.) 
1900 4.97 1.85 3.38 2AZ — — _— — 
1905 3.74 1.76 2.50 1.03 — — — — 
1910 3.97 1:59 2.04 0.87 — — — — 
1915 3.44 1.63 1.99 0.92 26.0 — — — 
1920 3:12 2.43 2.69 1:99 16.0 -— —_— — 
1925 3.66 1.97 3.67 1.62 39.0 | — — 
1930 4.10 197, Se 1.38 40.0 8.8 — 1.63 
1935 4.19 ONIN | 3.34 1.20 53.0 S/R .49 1.62 
1940 ets) 2.43 ie 1:30 39.0 Doe .46 1.35 
1945 3.94 2.91 |Leebo} 5 24.0 4.6 38 .88 
1950 3.46 3.00 Leg: P55 5) 4.1 26 162 
1955 Sig) 2.80 1.40 1.63 220 6.5 29 oo 


aCurrent price at the mine or well divided by the wholesale index for all commodities (1926 = 
100). Electricity prices are for large power category only. 
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Table 18 


NET ENERGY CONSUMPTION’ BY MAJOR END-USES 
CANADA 1926-54 


(millions of tons of coal equivalent) 


Domestic Manufacturing Fuel industry, 
and and losses and Total 
Year commercial Transportation mining miscellaneous Canada 
1926 16.8 Ble 10.5 4.3 43.1 
19297, 18.5 i3. 11.0 4.6 47.6 
1928 16,5 15.4 13 eee, 48.5 
1929 1729 1552 122 Ties) 52.8 
1930 19.3 13.7 £152 Bi PERO) 
1931 £0 Li 9.6 10.1 46.6 
1932 VEEP 10.6 8.9 7.6 42.3 
1933 15.6 9.8 8.0 7.4 40.8 
1934 We) 109 8.9 7.4 44.7 
1935 16.8 £2 9.4 7.6 45.0 
1936 Wa /ie} [25 10.1 8.0 48.3 
1937 18.9 13.0 11-6 7.8 ES: 
1938 Oe) 13.1 10.8 Vie 48.5 
1939 19.6 14.1 11.8 6.4 51.9 
1940 197 ity 14.8 aS Ips) 
1941 20.4 18.0 16.0 8.3 62.7 
1942 21.7 18.6 18.8 8.1 67.2 
1943 22.8 20.1 LS.5 sae 69.4 
1944 20.4 20.6 11 9.6 69.7 
1945 20.9 21.0 14.7 Oe 65.8 
1946 23.4 ZS 21.8 8.4 74.9 
1947 PLB eS) 23.3 IES Jes 8.7 74.5 
1948 24.1 24.1 ype, 9.8 80.3 
1949 250) 24.6 18.0 10.2 75.8 
1950 24.6 250 Zo 10.8 84.7 
195i 24.9 26.8 25.8 11.4 88.9 
1952 25.4 27.8 254 12:3 90.6 
1953 25.8 Dhl Zoe) 14.2 91.4 
1954 26.9 26.6 mhi2 eae | 88.4 


aExcludes all raw material and other non-fuel uses. 
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D. A. Wilson 
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by John Davis 


Canadian Secondary Manufacturing Industry— 
by D. H. Fullerton and H. A. Hampson 
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by J. D. Woods & Gordon Limited 


The Canadian Industrial Machinery Industry— 
by Urwick, Currie Limited 


The Canadian Electrical Manufacturing Industry— 
by Clarence L. Barber 


The Electronics Industry in Canada— 
by Canadian Business Service Limited 


The Canadian Primary Textiles Industry— 
by National Industrial Conference Board (Canadian Office ) 


The Canadian Construction Industry— 
by The Royal Bank of Canada 


The Canadian Chemical Industry— 
by John Davis 


392 


ROYAL COMMISSION ON CANADA’S ECONOMIC PROSPECTS 


The Service Industries— 
by The Bank of Montreal 


Probable Effects of Increasing Mechanization in Industry— 
by The Canadian Congress of Labour, now The Canadian Labour 
Congress 

Labour Mobility— 


by The Trades and Labour Congress of Canada, now The Canadian 
Labour Congress 


Skilled and Professional Manpower in Canada, 1945-1965— 
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Transportation in Canada— 
by J-C. Lessard 
Industrial Concentration— 
by The Canadian Bank of Commerce 
Housing and Social Capital— 
by Yves Dubé, J. E. Howes and D. L. McQueen 
Financing of Economic Activity in Canada— 
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Certain Aspects of Taxation Relating to Investment in Canada by Non- 
Residents— 
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Consumption Expenditures in Canada— 
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Canada’s Imports— 
by David W. Slater 
The Future of Canada’s Export Trade—! 
by R. V. Anderson 
Canada—United States Economic Relations— 
by Irving Brecher and S. S. Reisman 
Canadian Commercial Policy —1 
by J. H. Young 
Some Regional Aspects of Canada’s Economic Development— 
by R. D. Howland 
The Nova Scotia Coal Industry— 
by Urwick, Currie Limited 
Canadian Economic Growth and Development from 1939 to 1955— 
by J. M. Smith 


*This is one of a series of three studies on Canadian international economic relations 
prepared under the direction of S. S. Reisman. 
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